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Abstract
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Technologies that Aid Blind Individuals in Unfamiliar
Indoor Environments
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Supervisor: Dr. Stephanie Ludi, Professor
The importance of raising user’s situation awareness has proven to be
an important factor in the successful use of systems that involve mission-
critical tasks. Indoor Orientation Assistive Technology (OAT) that supports
blind individuals is one of the systems that needs to be oriented to support
user’s situation awareness. In the tasks involved in this system, blind indi-
viduals try to maintain their spatial understanding of the environment. The
current evaluation methods of Orientation Assistive Technology that aids blind
travelers within indoor environments rely on the performance metrics. When
enhancing such systems, evaluators conduct qualitative studies to learn where
to focus their e orts. The main purpose of this thesis is to investigate the use
iv
of an objective method to facilitate blind travelers situation awareness when
traveling unfamiliar indoor environments. We investigate the use of in-task
probes using the Situation Awareness Global Assessment Technique (SAGAT)
method, and post self-reported questionnaire using the Situation Awareness
Rating Technique (SART) method. The goal of this metric is to design an ob-
jective method that can highlight design areas that need improvements when
evaluating such systems. Also, we investigate the relationship between user’s
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In mission-critical systems such as Orientation Assistive Technology
(OAT), systems play a major role supporting user’s situation awareness (SA).
The technical term “situation awareness” [33] refers to the phenomena that
a human being understands the basic elements of the current environment as
well as the dynamic changes that happen in it. When evaluating OAT systems,
evaluators need to focus their e orts towards specific design areas that need
enhancements. SA metrics were used in many domains such as air fighters’
user interface evaluation [33] with the goal of enhancing user’s SA.
The World Health Organization (WHO) [102] estimated in 2013 that
there are 285 million people who are visually impaired around the world, where
39 million of them are blind and 246 million have low vision. In 2011, 21.2
million adults in the United States (US) self-reported themselves to be blind,
or have severe low vision [39]. In the US, individuals who are visually impaired
are classified under two categories: totally blind and legally blind. The US
social security o ce defines legally blind persons as those whose visual acuity is
less than 20/200 in the better eye with best sight correction [1]. Traditionally,
blind individuals travel using aids such as white canes and guide-dogs. When
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visiting indoors, blind individuals need orientation assistance from either a
pedestrian or other information source that helps them to obtain information
that is inaccessible to them.
When visiting unfamiliar indoor environments, blind individuals de-
pend on their understanding of the environment and ability to pick up cues
to initiate their mental map of the environment. In indoor environments with
large spaces and few landmarks, blind individuals might struggle to maintain
their orientation in relation to other landmarks. Orientation Assistive Tech-
nologies (OAT) for indoors were introduced to help blind users to maintain
their orientation when traveling indoors. The current methods of evaluating
OAT systems depends on the success of the task. This can leave valuable
information about user’s mental model, which can contribute to further en-
hancement of the system. This chapter will discuss the importance and con-
tribution of building a new metric that evaluates blind OAT user’s SA and
performance when traveling unfamiliar indoor environments.
1.1 Importance
Situation Awareness (SA) design and evaluation has been involved in
many systems for the purpose of enhancing user’s understanding of his/her
situation when performing tasks. OAT systems that aid blind individuals
contributes to the user’s understanding of the visited environments. The eval-
uation methods for such systems assess the system depending on the user
performance. This can leave valuable information about the user’s knowledge
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Figure 1.1: A flowchart illustrating the process used when evaluating OAT
systems using performance measures.
that was gained through the system (see figure 1.1). This thesis developed
an objective metric that works in addition to the performance measures to
facilitate blind individual’s SA when traveling in unfamiliar indoor environ-
ments. This metric can help researchers by highlighting the feedback elements
(see figure 1.1) that were missed by the user to be taken into account when
enhancing the system. Using SA metrics: SA Global Assessment Technique
(SAGAT) and SA Rating Technique (SART), we built an objective evaluation
method that helps in assessing user’s SA.
3
Figure 1.2: A flowchart explaining the process taken when evaluating OAT
systems using performance and SA measures.
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1.1.1 SA Metrics
As it shown in figure 1.1, performance-only measures give a binary
evaluation of OAT systems. If the performance is high, then the system is
assumed to be good. When the performance is low, the system needs im-
provements. When a system needs improvements, evaluators often conduct
qualitative analysis with the users to learn which parts of the system need
improvements. Qualitative methods require much more time and e ort. Also,
due to the short-term memory, users might forget some of their experience.
Using SA measurements in addition to performance indicators (see figure 1.2)
can help by highlighting missing or weak information that supports user’s SA.
The use of SAGAT in the middle of each task can eliminate the short-term
memory loss of the users. Also, it can test user’s knowledge compared to the
environment. In such evaluation, designers need to realize and model user’s
goals depending on their corresponding SA levels. This will help enabling the
evaluators to look for the system features that support each SA level.
1.2 Novelty and Contributions
This section will provide two tables that outline the novelty and con-
tribution of the work described in this thesis. Table 1.1 overviews the novelty
and contribution of the work that has been already done in this thesis. The
main contribution of this thesis is developing an objective metric to evalu-
ate OAT systems that aid blind individuals by the incorporation of two SA
measurements: SAGAT and SART.
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1.3 Published Work
Related to the work described in this thesis, the researcher has five
accepted publications in major software engineering and human-computer-
interaction venues. The published papers can be found under the following
references [6–10].
1.4 Conclusion
This chapter provided an introduction to the problem described in this
thesis. Also, it discussed the novelty and contribution of the work. The
next chapters will explain the work in detail. Chapter 2 will introduce and
provide the state-of-the-art work that relates to the problems presented in
this thesis. The chapter will introduce and discuss the problem from two
sides: OAT and SA. Chapter 3 will present the requirements elicitation studies.
Through that chapter, the thesis will provide an in-detail look into the problem
domain as well as design rationale. Chapter 4 will show details about the
conducted SA requirements analysis and modeling. Chapter 5 will provide an
in-detail view of the experimental design. In that chapter, the thesis will show
the experimental design, prototype design, and pilot studies. Chapter 6 will
discuss the experimental results. Chapter 7 will outline the lessons learned
from the work carried in this thesis. Also, it will discuss the future steps for
the researcher.
6
Table 1.1: Novelty and contributions of the work performed in this thesis.
No. Contribution Novelty
1 Helping OAT designers and re-
searchers by uncovering the disorien-
tation factors that a ect the orienta-
tion of individuals with visual impair-
ments as well as the user experience
when exploring open spaces in unfa-
miliar indoor environments
Reporting disorientation factors
that were gained from individu-
als’ perspective as well as O&M
instructors
2 Providing SA requirements and mod-
eling that can help other researchers
who create designs to raise individ-
uals with visual impairments’ SA in
unfamiliar indoor environments
The application of SA requirements
elicitation, analysis, and modeling
for orientation-related tasks for in-
dividuals with visual impairments in
unfamiliar indoor environments
3 Developing an objective method to
determine levels of situational aware-
ness among individuals who are blind 1. The application of SAGATmethod to measure blind indi-
viduals’ SA during indoor ori-
entation tasks
2. The application of SART
method to measure blind in-
dividuals’ SA during orienta-
tion tasks in unfamiliar in-
door environments
4 Giving insight to access technology
designers by reporting the correlation





The correlation between blind indi-
viduals’ SA and confidence, satis-
faction, stress levels have not been
studied and reported before
5 Giving insight to OAT system de-
signers about the applicability of the
blind user’s performance as an indi-
cator of the user’s SA
Studying the correlation between
blind individuals’ SA and perfor-
mance in OAT domain has not been




Blind individuals face many challenges when orienting themselves in
unfamiliar indoor environments. Traveling such environments can be done
through their initial mental map, which could have some gaps about the exis-
tence of landmarks in the space. A mental map is a cognitive term that refers
to the phenomenon of having an imaginary mental image that depends on a
person’s knowledge and experiences [19]. With that in mind, Orientation As-
sistive Technologies (OAT) for indoor environments were introduced to bridge
that gap and aid blind individuals when orienting themselves in unfamiliar
indoor environments. When designing OAT systems, it is crucial to make sure
that such system enhances user’s situation awareness (SA) and therefore con-
tributed to the user’s mental model. In this chapter, we will review the current
work on OAT systems with the focus on the evaluation process. Also, we will
review SA design while focusing on di erent metrics to capture user’s SA.
2.1 Investigating Orientation-Related Issues for Indi-
viduals with Visual Impairments
A wide body of literature investigated orientation-related problems for
individuals with visual impairments. Some of the work investigated how indi-
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viduals learn unfamiliar indoor environments [17,105,106], others reported the
best practices from an orientation and mobility (O&M) point-of-view [53,103],
while other work elicited requirements for orientation assistive technologies
[34, 56, 69, 71, 74]. While the previous work facilitated important issues that
relate to the indoor orientation, they did not provide insight into the factors
that can e ect individual’s orientation in unfamiliar indoor environments. This
thesis provides three user studies that help in understanding the way individ-
uals with visual impairments adjust to unfamiliar indoor environments when
navigating them. This section will provide examples of each of the aforemen-
tioned categories.
Jacobson [53] provided in his book methods and guidelines into teach-
ing O&M to individuals with visual impairments. The author reviewed best
practices to maintain orientation in outdoor and indoor environments. The
author discussed the spatial understanding including environmental cues and
clues for such environments. Also, he addressed the proper cane techniques
and suggested methods to learn about indoor spaces. In the spatial concept
development discussion provided by the author, he discussed the importance
of the individual’s understanding of objects in the space with their relation to
each other. The book focused to help O&M instructors when teaching. The
cues and texture confirm the results provided in this thesis in the user stud-
ies chapter. Also, the techniques provided by the author are similar to the
ones that were resulted from the user studies. Although the book discussed
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how to orient in unfamiliar environments, it did not discuss what could cause
individuals to be disoriented and how they can work around it.
Banovic et al. [17] described two user studies where they examined
the ways in which individuals who are visually impaired identify surroundings
in unfamiliar environments. The first was conducted as a high-level learning
study. The researchers initially interviewed nine participants. Participants
were then asked to perform exploration tasks in two di erent outdoor spaces.
The second study was directed toward the activities that help individuals
who are visually impaired to develop a cognitive map of their environment.
Participants were asked to perform two tasks: (1) answer a set of questions
that relate to a familiar environment, (2) physically navigate paths that are
less familiar to each participant. After completion of the exploration tasks,
semi-structured interviews were conducted. Findings from the second study
suggested that large indoor spaces were di cult for participants to explore
and learn. In this work, the researcher looked into the factors that a ect the
orientation process in unfamiliar indoor environments and how users employ
their skills to overcome them.
Miao, et al. [69] elicited requirements to build an indoor navigation sys-
tem (MOBILITY project) that is intended to provide independence to blind
travelers. They interviewed six blind participants and triangulated their in-
terviews with an orientation and mobility (O&M) instructor. They employed
structured interviews in their elicitation process. In their paper, they pro-
posed some functionalities to be included in the system such as: contextual
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information about the surroundings as well as basic building information. In
terms of learning the way blind individuals perceive information from the en-
vironment, they discussed such issues with the O&M instructor. Also, one of
their developers wore a blind-fold where he/she experienced non-visual travel.
2.2 Orientation Assistive Technologies for Indoor Envi-
ronments
A vast body of literature has discussed the development of assistive
technologies to aid blind persons’ orientation within indoor environments [11,
21,49,60,73,76]. Orientation Assistive Technologies (OATs) for indoor spaces
that enhance wayfinding abilities can be classified under two categories: (1)
navigation tools [11, 73, 76], (2) wayfinding systems [21, 49, 60]. Navigational
systems for indoor environments provide a set of instructions that guide a user
from his/her current position to the destination. In most cases, instructions are
similar to the one’s available in the outdoor Geographical Positioning Systems
(GPS). On the other hand, wayfinding systems provide information about the
user’s surroundings in addition to his/her way to enable the user to travel
to his/her destination. Many references such as [63] refer to both systems
as “wayfinding.” Both approaches help in user’s orientation and therefore, we
will refer to them as one type as they enable users to maintain an enhanced
orientation when traversing indoor environments.
This research focuses on enhancing the wayfinding abilities in unfamil-
iar indoor open spaces by raising users SA about the spatial layout of environ-
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ment. This method is di erent than the instructional (navigational) guidance
where it provides an understanding of the user’s way rather than the environ-
ment. The rest of this section will discuss the previous work that has been
done in the area of the orientation assistive technologies for the individuals
with visual impairments.
2.2.1 Examples of OAT Systems
This section will review few examples that represent OAT systems that
aid blind individuals in unfamiliar indoor environments. This review will cover
one indoor navigation system that provides instructions to the user to reach
his/her destination. Another that provides wayfinding abilities in addition to
landmarks awareness. Third that provides a robotic wayfinding and fourth
that help in raising awareness about surrounding objects and obstacles.
Fallah, et al. [11,12] developed an indoor navigation system “Navatar”
to support individuals with visual impairments when traveling indoor environ-
ments. Their system provides one-by-one instructions to guide users within
indoor environments. Their system was developed on an Android-based mobile
device, which plays instructions on speakers. Navatar’s UI outputs navigation
guidance to user in form of speech that gives navigation instructions. Naviga-
tion instructions are constructed using a text-to-speech engine that translates
textual instructions into speech. Examples of navigation instructions are: ex-
plaining what and where is the next landmark, turn directions, and navigation
actions. Table 2.1 shows examples of each type [16]. Instead of using dis-
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tance, Navatar uses landmarks counting. For example, number of doors until
next turn. For the system localization, they used smartphone’s embedded ac-
celerometer and correct the error margins (drifts) by allowing users to confirm
their presence to certain landmarks that exists in hallways. Their system was
dedicated to support users in hallways navigation. The focus of their study
was to provide a novel localization technique that can help wayfinding systems
in indoor setups.
Table 2.1: Examples of Navatar’s navigation instructions.
Instruction type Example
Navigating to a landmark “Follow the wall to your left until you
reach a hallway intersection”
Turn Direction “Turn right”
Action “Open the door and take the stairs
down”
Ran et al. [76] developed an indoor/outdoor navigation prototype called
“Drishti”. Drishti is a wearable device that can be worn on head and waist.
The device is equipped with a microphone and headset in which they’re con-
nected to a wearable computer. A user can query the indoor navigation system
di erent queries such as distance to a pre-defined landmark and user’s current
position. System outputs respond in the form of text-to-speech. Table 2.2 [76]
shows a dialog between a user and Drishti system where the user is located
in a smart room. User inquire the system asking about landmarks available
in the room, then the user asks about his/her current location. Then, the
user selects certain landmark “sofa”. The system replies with the distance and
location of that landmark. Finally, the user says “prompt” indicating that
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she’s heading to that landmark. System replies to the user about any up-
coming landmark that might be considered as an obstacle. In this work, the
researcher expressed user orientation in terms of known measurements such
as: distance in ft, orientation in terms of compass, and location in terms of
angles.
Table 2.2: An example of Drishti’s UI speech recognition interaction.
User: “How are you”
System: “ How are you! Welcome to smart house! What can I do for you?”
User: “ What we have?”
System: “ Refrigerator and stove in the kitchen, sofa and TV in the living
room, bed in the bedroom, bath and toilet in the bathroom.”
User: “ Where am I?”
System: “You are in the living room facing south.”
User: “ Sofa”
System: “ The distance to the sofa is 5 feet. Turn left 30 degrees and walk
ahead.”
User: “ prompt”
system: “Watch out for the TV. It is to your right beside the west wall.”
Kulyukin, et al. [60] developed a wayfinding robot that can assist visu-
ally impaired users when traveling indoor environments. Their system utilizes
Radio-frequency identification (RFID) tags distributed across building’s hall-
ways to localize user position. In addition, their robot was equipped with a
scanner than scans the environment to detect any obstacles. A user follows
the robot using a strap. User can communicate and inquire the robot using
two input modes: speech recognition, and numerical keypad. The numerical
keypad consists of 19 keys. Figure 2.1 shows a numerical keypad similar to
the one used in their research. The numbers in the keypad are distributed in
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Figure 2.1: A generic numerical keypad.
the same order of a cell phone keypad. Every key represents a command that
can be pressed by user.
Hub, et al. [49] developed an orientation assistive cane that can help
when navigating indoor environments. Their cane can detect color, size, and
distance of objects in front of the user. The cane employs two cameras and
a processing computer. They constructed a 3D model of the test building,
which contains building features such as doors, tables, and trash cans. The
processing computer analyzes the pictures taken by the camera to extract
features that indicate what objects existed in front of the user. Then using a
sensor, the system combines the object name with the color and distance of
the object from user’s position. For their UI, they used push button that can
be pressed by the user to perform certain tasks. For example, a user can press
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Figure 2.2: A smart cane is detecting an object in front of the user.
“detect color” button that will analyze the color of the object in front of the
cane and reply the color using text-to-speech. Figure 2.2 [49] shows a picture
of their developed assistive orientation cane.
This thesis built on the previous work by building an OAT system that
provides one-by-one navigational instructions along with contextual informa-
tion about the user surroundings.
2.2.2 OAT Systems’ Evaluation
The evaluation process of OAT systems focuses on evaluating the suc-
cess indicators of the user’s tasks. For example, user’s travel time can provide
an indicator of user’s performance comparing to the baseline time. In Table
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2.3, we reviewed eleven previous work of OAT system that involved experimen-
tal work with human users. All of the previous work focuses on quantitative
metrics that provides insight about user’s success when performing system-
related tasks. However, none of them involved metrics to evaluate user’s cog-
nitive map details and knowledge process. Incorporating such measures can
provide insight to OAT system’s designers when enhancing their designs, and
therefore represents a valuable addition to the current way of evaluation.
Table 2.3: OAT evaluation.
Author(s) Evaluation
task
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Table 2.3: OAT evaluation.
Author(s) Evaluation
task
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Table 2.3: OAT evaluation.
Author(s) Evaluation
task
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2.2.3 OAT Feedback Modalities
OAT systems; like other systems; have two interaction models with the
user: input and output. Fallah, et al. [36] indicated in their survey paper that
human navigation systems can have various input modalities such as: push-
button, keypad, speech recognition, and touch screen. Since visual feedback
cannot be used to provide feedback to blind users, OAT systems feedback
can be presented either by audio, or/and haptic feedback. Table 2.4 provides
examples of previous OAT work with focus of output modalities. In the rest
of this section, we will explain each output modality and review some of the
previous from feedback point-of-view.
21
2.2.3.1 Audio-Based Feedback
Audio-based output for OAT systems can be provided using di erent
ways [36] such as: pre-recorded directions, speech synthesis using text-to-
speech (TTS) engines, and sonification. Pre-recorded directions are audio-files
that have been recorded by someone and stored in the system. OAT system
plays the corresponding file with each direction to the user. Speech synthe-
sis (referred to as text-to-speech or TTS) is a computerized voice that reads
o  OAT system’s output. Sonification is a non-verbal representation of the
system’s feedback. Sounds for example, like beeps can be used in this cate-
gory. Each distinct sound is used to indicates an orientation or navigational
command to the user. Speech-based output modality is the most common
feedback used in OAT systems (see Table 2.4).
2.2.3.2 Haptic Feedback
Haptic modality provides OAT system’s feedback that can be recog-
nized using the sense of touch. System’s directions are translated into haptic
feedback. Di erent forms of the haptic feedback have been used such as:
smartphone vibration [16], hands-gloves [15], finger-Braille [46], and waist-
belt [45]. Haptic feedback requires training sessions to the user. Also, it is
a less natural way to cove complicated orientation instructions as opposed to
speech-based feedback. Additionally, it requires additional hardware [36].
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Table 2.4: Examples of output modalities in previous OAT work.
Output Modality Author(s)
TTS Al-Qutayri, et al. [5] , Fallah, et al. [35], Ganz, et
al. [40], Guerrero, et al. [42], Hub, at al. [49], Ivanov
[51], Jain [54], Kalia, et al. [58], Mehta, et al. [67],
Rajamäki, et al. [75], Ran, et al. [76], Loomis, et al.
[62]
Sonification Kulyukin, et al. [60], Wilson, et al. [108], Walker and
Lindsay [101]
Haptic Willis and Helal [107], Hub, et al. [49]
TTS and Sonifica-
tion
D’Atri, et al. [21], Fiannaca, et al. [37], Treuillet, et
al. [93]
TTS and haptic Polácek, et al. [73], Seto and Magatani [86], Ueda and
Araujo [95]
2.2.3.3 Discussion
In this section, we discussed OAT system’s feedback modalities to blind
users. Speech-based output represents a natural way to provide orientation-
related information to users when traveling indoor environments. Golledge, et
al. [41] indicated that the majority of blind participants in their work indicted
their preferences towards speech-based feedback in OAT. Also, the review ta-
ble (Table 2.4) shows that the majority of OAT systems used speech-based
feedback to provide output to the user. This work will use the speech-based
feedback to provide the orientation-related information to the users. Orien-
tation information includes details about the user’s path as well as the avail-
ability and locations of important landmarks that existed in the environment.
In the next section, we will discuss and review situation awareness design and
evaluation method as the methodology used for this work.
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2.3 Situation Awareness
Situation Awareness (SA) is a human psychological state that repre-
sents the mental model of the surrounding environment and future changes
[98]. For example, a car driver’s SA is represented by his/her knowledge about
the surrounding environment such as: car speed, directions, approaching ve-
hicles, and tra c lights. A driver uses that knowledge to enhances his/her
SA and therefore makes any needed decisions such as: stopping the car, and
reducing speed. Endsley [26] defines SA as “the perception of the elements of
in the environment within a volume of time and space, the comprehension of
their meaning and the projection of their status in the near future”. The type
of SA discussed here is related to the interface design and user tasks.
In interface design, SA was used to design and enhance user interface
(UI) of mission-critical systems. Originally, SA was largely used in the fighter
aircraft domain. The reason for that is the required level of attention pilots
need to be when flying aircrafts as well as the need of reducing the complexity
of fighter aircraft’s UI [31]. The growth and complexity of electronic systems
have brought SA design into other domains. Currently, SA is used to design
the UI in many domains such as: military chain of command [33] , disaster
management and emergency response [109] , and human robot interface (HRI)
[3].
It is important to note that technology cannot provide SA by itself;
however, a user perceives his/her SA from the system’s UI. Thus, it is crucial
for system interfaces to be oriented to provide a good user SA. In the car
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driver’s example, even the greatest car interface design does not provide SA to
drivers. Instead, a driver needs to perceive information coming from interface
and interprets it to build up safe driving decisions. SA design can be used
to enhance UI when dealing with a user who depends on data coming from
interface to perform tasks. Another important use of SA design is to help in
automating user decisions (task automation) [33].
Endsley’s model [31] divides SA into three levels: perception, compre-
hension, and projection. Having all three levels will incorporate a good SA for
users (see figure 2.3). First level is the perception (Level 1 SA). The percep-
tion means that an individual receives and gather information related to the
current task from the environment as well as the system. Lack of good percep-
tion can lead to user’s errors. For example, Jones and Endsley [57] found that
76% of pilots’ errors could be linked to gaps in their perception of important
information in their surrounding environment. The second SA level is com-
prehension (Level 2 SA). Comprehension means to use the previous gathered
data in level 1 and understands the meaning behind it. This is achieved when
a user links gathered data to his/her goals. This comprehension can help in
building user’s mental map, where a user puts all pieces together. The third
and highest SA level is the projection (Level 3 SA). Projection is the ability of
a user to predict upcoming events and changes in the environment. This step
allows users to make timely decisions if needed.
In 2003, Endsley, et al. [33] introduced a new interface design approach
called “Situation Awareness Oriented Design” as a new user-centered design
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Figure 2.3: Situation awareness levels.
(UCD) approach. The key idea about this design is to link user goals with
users’ SA to produce better decision outcomes. SA oriented design process
consists of three steps: analyzing SA requirements, applying SA oriented de-
sign principles, and performing SA measurements to validate the design. Step
(2) and (3) can be repeated as needed to enhance the design. Figure 2.4 illus-
trates SA design steps that go hand-in-hand with user-centered design (UCD)
activities [33].
The first step in SA oriented design is requirement analysis. This step
involves identifying and analyzing user’s cognitive tasks. Mainly, goal-directed
task analysis (GDTA) is the used tool to achieve requirements analysis. GDTA
will help in identifying users’ goals as well as the information needed to achieve
each goal. Each users’ goal is linked to the corresponding tasks.
The second step is to apply SA-oriented design principles. Endsley, et
al. in their book [33] provided 50 design principles. These principles focus on
the dynamic switching between goal-driven process and data-driven process.
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Figure 2.4: SA oriented design steps that go hand-in-hand with other UCD
steps.
Linking goal-driven process with data-driven process is crucial for SA oriented
design. In mission-critical systems, users depend on the data provided by the
UI to build their comprehension and therefore provide their decisions. Having
di erent data may lead to di erent decisions.
The third and final step of SA oriented design is the evaluation. Evalu-
ation plays a major role in ensuring that such design enhances user’s SA. The
following section will discuss in detail most of the existing techniques of SA
evaluation.
2.3.1 SA Requirements
Endsley [32] described the SA requirements analysis as the first step
of the SA oriented design approach. SA requirements are introduced to un-
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Figure 2.5: An example of GDTA analysis results.
derstand what information is needed to perform a specific task. Endsley [28]
explained that SA requirement analysis can be conducted using unstructured
interviews with subject matter experts, GDTA, and questionnaires. The main
idea behind this analysis is to identify the user goals and realize what informa-
tion is needed to achieve these goals. The GDTA was introduced as a method
to elicit user’s knowledge. This knowledge includes user goals, decisions, and
information that is needed to support each goal and sub-goals. Crandall, et
al. [19] describe the GDTA method as one of the ways to conduct Cognitive
Task Analysis (CTA) that allows the elicitation of user’s knowledge. Figure 2.5
shows a tree model for what the GDTA result looks like.
28
2.3.2 SA Evaluation Techniques
SA design evaluation aims to empirically capture user’s SA level. It is
recommended that SA evaluation should be done early in the design stage and
before implementation. The reason for that is to minimize any additional costs
caused by modifying design as well as the easiness of early design changes.
Endsley, et al. [33] indicated two types of SA measurements: indirect and
direct. Since SA is a mental user state, SA is measured using users’ activities.
In this section, we will discuss both SA measurements categorizes: indirect
and direct.
2.3.2.1 Indirect Measures
Indirect SA measures do not represent user SA by themselves, but in-
stead they can draw a conclusion about it. Indirect SA measures can be
grouped under two types: process measures as well as behavioral and perfor-
mance measures [33].
Process measures are used to measure user’s cognitive process when per-
forming tasks. Collectively, they can infer user’s level of SA. Process measures
are limited in representing user’s complete SA. This poses a major drawback
of this type of measurement. Behavioral measures detect user’s SA by mea-
suring his/her behavior to certain events within tasks. For example, an air
fighter pilot is instructed to attack an enemy’s location. The pilot’s behavior
towards that command represents his/her SA. Additionally, pilot’s knowledge
of direction, altitude, and enemy’s location can help in assessing his/her SA.
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Sometimes, user behavior can be confused with his/her decision making abil-
ity. This poses a major threat to this type of measure. Another problem with
behavioral measures is that it needs an assumption of the appropriate behav-
ior towards each task. Likewise, performance-based measures are any measure
that implies users’ SA based on users’ observable actions while performing
tasks. Examples of performance-based measures are: success in performing
goal, and time to perform certain task.
2.3.2.2 Direct Measures
Direct measures of SA are those metrics that attempt to assess user’s SA
directly without any inference. Endsley, et al. [33] classified direct measures
into two groups: subjective, and objective. Subjective measures are those
measures where user’s SA is either self-reported or observed by an expert.
Objective measures assess user’s SA by comparing user’s feedback to ground
truth data.
Subjective measures have many advantages. They are inexpensive, easy
to perform, and have less interruption to users’ tasks. However, subjective
measures can su er from some problems that a ect their accuracy. One ex-
ample of that is the self-rating technique, where a user self-reports his/her
SA. Self-reported SA may be a ected by user’s performance in the related
tasks. In some other techniques, like for example the observer’s rating tech-
nique, results can be a ected by the observer’s personal preference towards the
task. Currently, there are many SA subjective measures such as: self-rating,
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SA Rating Technique (SART), SA-Subjective Workload Dominance Technique
(SA-SWORD), and observer rating [33].
SA objective measurements capture user’s SA by comparing user re-
ported SA with reality. A user reports his/her SA by answering certain queries
about the current task and environment. For example, in a driving simulator
a user can be asked to report at di erent times how many cars were in front
of his/her car. Such queries can be conducted within, or after, each scenario.
Many challenges come with this type of measure. One challenge is choosing
an appropriate time to interrupt the user’s task. Another challenge is to min-
imize the user’s short memory. There are two types of SA objective measures:
(1) Post-test Questionnaires and (2) online queries such as: SA Global As-
sessment Technique (SAGAT) [25] and Situation Present Assessment Method
(SPAM) [24].
Direct SA metrics can help in capturing blind individuals’ SA during
orientation tasks. For the purpose of validation, this work will use two direct
SA metrics: one subjective and another objective. In subjective metrics, we
are interested in self-reporting metrics where a user reports his/her SA after
each scenario. The thesis selected SART from this category, since it showed
high sensitivity to user’s SA in previous studies. As for an objective metric,
perhaps SAGAT and SPAM are the most validated objective SA metrics that
showed high sensitivity to user’s SA. SAGAT pauses user tasks and presents
the probes to the user. SPAM, on the other hand, notifies the user about
the queries and allows the user to answer then whenever he/she wants. The
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following sections will review SART, SPAM, and SAGAT in detail. Also, it
will compare SPAM with SAGAT.
Situation Awareness Rating Technique (SART) Situation Awareness
Rating Technique (SART) is a subjective measure to capture user’s SA after
performing tasks. SART [91] uses a 10-dimensional scale that probes user’s
reaction to certain details about his/her tasks. After performing tasks, users
respond to a questionnaire using a 7-levels Likert scale. Table 2.5 [85] shows
SART domains and dimensions. SART domains are classified under three
categories: demand, supply, and understanding [85]. The overall SART score
can be calculated as understanding - (demand - supply).
Table 2.5: SART questionnaire.



















Situation Present Assessment Method (SPAM) The Situation Present
Assessment Method (SPAM) [24] is an online query metric to measure indi-
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vidual’s SA. Unlike SAGAT, SPAM do not require a freezing of the simulation
tasks that do not require participants to recall information from a system.
Instead, participants receive SPAM queries while they are performing their
tasks. When a participant wishes to answer the queries, he/she can play them
and answer them verbally. Time to react to such queries as well as time spent
on answering queries is employed as part of calculating SPAM scores. The
time to accept queries is used as a measure for the workload, while time to
answer queries is used as an indicator of SA.
Situation Awareness Global Assessment Technique (SAGAT) SAGAT
metric is a direct objective SA measure that assesses user’s SA within tasks.
SAGAT metric has been widely tested and validated in di erent domains such
as: aviation, air tra c control, and military battle operations [33]. SAGAT
was introduced by Mica Endsley in 1988 to measure pilots’ SA when using
aircrafts’ UI for the purpose of enhancing UI design [25]. Generally, SAGAT
can be conducted by freezing a user’s task and querying the user to answer a
set of questions that measures his/her SA (see figure 2.6).
SAGAT is used in a simulation setup, where a simulation can be ran-
domly halted at multiple times, and a user is asked to answer some questions
that correspond to his/her SA. Questions can be asked by a human tester,
or presented on a computer screen. Answers collected are compared to the
correct answers (ground truth). Scores are calculated by giving a one for
correct answers and a zero for wrong. Three important points need to be
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Figure 2.6: In the SAGAT technique, while a user is performing tasks (A),
the simulator freezes at random (B) and the user is presented with a set of
questions to assess user’s SA level.
considered when using SAGAT technique. First, stops need to be randomly
unpredictable. Although that’s true, testers need to avoid stopping at raising
tasks where users are focused on achieving their goals. Also, testers need to
avoid stopping between unrelated tasks. Second, testers need to think about
good halt time. Good halt time would allow participants to answer questions,
yet allow them to maintain good memory. Endsley [29] indicated that par-
ticipants can stop no more than 5 minutes while maintaining good memory
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of their current tasks. Additionally, Endsley mentioned that time elapsed be-
tween stops should not be less than 2 minutes. Third, testers need to consider
good question coverage. Good question coverage means that all questions
asked cover all SA levels.
SAGAT vs. SPAM SAGAT and SPAM are considered two of the most
widely used query-base objective measures for SA. SAGAT is an o ine mea-
sure where it freezes the task. SPAM is an online method, which gives the
user liberty in answering the questions. Table 2.6 shows a comparison between
SPAM and SAGAT.
The work described in this thesis asks blind individuals to travel in
di erent environments for short travel tasks and identify certain landmarks.
Also, this work employs Endsley’s SA framework [33], which is based on divid-
ing SA into three levels. Thus, this thesis selected SAGAT since it has more
compatibility with the three-level framework. Also, applying SPAM in short
travel tasks seems to be unfeasible as a traveler might reach certain landmarks
before answering queries that were given about their location.
2.3.2.3 SA Techniques Comparison
Many techniques were proposed to measure user’s SA. In this section,
we will overview and compare most of the available techniques that capture
user’s SA. Our comparison is based on Salmon, et al. [79] work, where they
compared all SA measures and discussed their applicability to the C4i domain:
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Table 2.6: A comparison between SPAM and SAGAT.
SAGAT SPAM
Technique Task is freezed until the
query is done
Question placed in
a queue and user is
warned about the
questions. When user
is ready, he/she can
answer them
System availability Simulator’s screen is
blanked
User interface is avail-
able to the user
Queries Covers all SA levels and
pulled randomly from a
poll
Covers all SA levels and
pulled randomly from a
poll
Task disruption Yes No
Real-time assessment No. Simulator is
blanked and user will
pause the task until the
queries are done
Yes. User will be
notified that there is
a SPAM query, and
he/she will accept it
when ready
Assessment logic Recalling information
from environments that
are important for SA
Recalling information
location in the system
available
command, control, communication, computers and intelligence environments.
In Table 2.7, we present a comparison based on points that relate to our study:
method name, type, method domain, expert involvement, tools needed, and
validation studies. Four of the methods listed need domain expert involvement,
while the rest do not need it. As mentioned before, this work is interested in
two SA measures. SAGAT is known as one of the widely used ways to assess
user’s SA directly within user’s tasks. According to Salmon, et al. [79], SAGAT
and SART are the most commenly used measures to assess user’s SA. Also, as
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mentioned before, SAGAT is aligned with Endsley’s SA framework. Thus, we
used SAGAT along with the SART measure. SART was selected as a second
level of reporting participants’ SA.
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2.3.2.4 SA Requirements for OAT Systems
Previous research has been conducted to elicit visually impaired user’s
requirements for assistive technologies to raise the user understanding or guide
him/her through di erent indoor and outdoor environments. However, to the
best of our knowledge, none of the previous work has addressed the SA re-
quirements for indoor orientation of individuals with visual impairments. SA
requirements help when designing systems that support user’s decisions and
actions, such as OAT systems dedicated to individuals with visual impair-
ments. The rest of this section will discuss some of the previous work in
requirements elicitation with visually impaired users for the purpose of pro-
viding an aid to the users when orienting in indoor environments. Also, we
will discuss one related work in the field of goals and requirements analysis for
assistive technologies.
Miao, et al. [69] reviewed their conducted requirements for an indoor
navigation system dedicated to blind users. Their motivation was to enable
blind users to be independent travelers by providing them with an indoor nav-
igation system. To decide their user profile, they surveyed six blind users.
They also interviewed one mobility instructor and investigated two environ-
ments where blind users travel. For their users’ requirements, they conducted
structured interviews with six blind users. Through the interviews, they in-
vestigated what functionality could be o ered by their system and how to
present the system information. Authors elicited user requirements through
structured interviews, which might restrict users to elaborate on related issues
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to the questions being asked. Also, the authors interviewed only one mobility
instructor. This work used semi-structured interviews where users elaborated
upon our interview questions, which generated some important ideas. Also,
the researcher interviewed six O&M instructors and got their insight on the
recommended ways to tackle the orientation problem in unfamiliar environ-
ments.
Rafael, et al. [74] explained their development of a prototype to enable
visually impaired users to identify people around them using a mobile-based
Bluetooth. Before conducting their prototype, they elicited user requirements
through interviews with 19 blind users. Interviews were focused to realize user
problems in identifying objects and people around in both indoor and outdoor
environments. In their elicitation findings, they reported user needs toward
identification of objects and people in the environment. The authors’ work
was directed to assist blind users to dynamically identify other people in the
surrounding environment. This, however, is di erent than the focus of this
study, which is on raising visually impaired user’s SA in unfamiliar indoor
environments by enabling them to understand the environment dynamically
as they travel in it.
Strothotte, et al. [72] and Johnson and Petrie [56] discussed the elici-
tation study for the MoBIC (Mobility of Blind and Elderly People Interacting
with Computers) project. They performed their elicitation with the help of 24
individuals with visual impairments, and some instructors. Some of the visu-
ally impaired individuals were cane users, while the rest were guide-dog users.
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Their study’s goal was to identify the habits and problems that exist with
individuals with visual impairments when traveling in familiar and unfamiliar
environments. The authors used interviews to elicit user requirements, which
consisted of open and close-ended questions. Their study shows a high demand
for assistance in detecting indoor and outdoor obstacles, and for help crossing
streets. While this work focuses on the safety travel of individuals with visual
impairments in any environment, it does not discuss orientation and obstacles
in the unfamiliar indoor environments. This work focuses on the orientation in
unfamiliar indoor buildings, as individuals behave di erently there as opposed
to known environments.
O’Neill, et al. [71] and Engelbrektsson, et al. [34] discussed the Personal
Adaptive Mobility Aid (PAM-AID) project, which is intended to support in-
door mobility and navigation of elderly and frail visually impaired individuals.
Their goal was to make users independent of caregivers by providing users with
the physical support as well as guidance. They performed an initial require-
ment elicitation study in three countries: Ireland, Sweden, and the UK. The
authors performed face-to-face interviews with 38 users who live in 14 care
facilities. They also interviewed 14 professionals who work in the care and re-
habilitation centers as their secondary stakeholders. Their interviews focused
on two aspects. First were the current available assistive technologies and aids.
Second was user’s preference for his/her system’s input/output interactions.
Their work is dedicated to serve a special group of visually impaired users:
elderly and frail. Elderly and frail visually impaired users can navigate unfa-
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miliar indoor environments with the help of care persons, or using an equipped
wheelchair. This work focuses on a di erent class of users: visually impaired
cane users who are able to walk unassisted and are not hard of hearing or deaf.
Also, we performed a domain analysis using O&M instructors’ interviews, as
they provided us with how to tackle orientation problems in unfamiliar indoor
environments.
Sutcli e, et al. [89] proposed a three-layer requirement’s analysis frame-
work that focuses on user’s personal goals as well as how a system achieves
user’s goals. The first layer focuses on the general goals of stakeholders. The
second layer focuses on user characteristics such as physical context details.
The third layer focuses on specific personal goals that vary from one user to an-
other. The authors performed two assistive technology case studies where they
used their proposed framework to perform the requirements analysis: email
and a navigational support application. Their navigational support applica-
tion was addressed to support users who su er from traumatic brain injuries,
which sometimes result in short-term memory loss. In this case study, authors
identified requirements under three levels. The first level focuses on the general
goal of users who need assistance when traveling in public transit modes. The
second focuses on user characteristics such as memory loss. The third focuses
on users’ personal goals such as travel purposes. The framework provided by
the authors is beneficial for systems that need to be customized on a personal
level to the needs of each user. This work identifies users’ goals using SA
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analysis and then identified decisions and information that assist each goal.
SA design provides a good method to support user decisions.
2.3.2.5 SA Metrics Applicability
Prior work has shown the advantage of considering SA when designing
systems that requires high-level user’s attention, which include simulated 3D
environments. Despite the clear similarities between this domain and the
previous SA domains, SA has not been previously considered in the design
and evaluation process of OAT systems. In order to make use of SA-based
design processes, this work needs to evaluate SA of users within their tasks
in the particular domain. This, however, has not been done before for the
OAT systems. Thus, the researcher will need to invent new modifications to
existing SA evaluation techniques to accomplish this. There is a possibility
that a user’s SA may correlate with other traditional measures of the quality
of OAT systems, including task-performance or e ciency. The study explored
whether these relationships could be measured, and this information will be
useful for future designers to consider when they are selecting metrics to use in
their OAT design process. This work uses two SA metrics to capture user’s SA:
one post-subjective metric (SART) and an online-objective metric (SAGAT).
The SART evaluation can be conducted in OAT systems at the end of
each task. The tester should have SART 10-dimensional scale in hand and ask
the blind user to rate verbally from 1-7 each category. In a non-aid condition,
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a user should rate each dimension based on what he/she perceives from the
environment.
The SAGAT metric can be conducted with blind participants in the
context of OAT system tasks using verbal questions asked by the tester and a
recording machine to capture responses. Responses can be analyzed after the
tests. For each user trail, SAGAT tests should be conducted. For example, if
the task will take on average 4-5 minutes, then we expect the SAGAT query
to be conducted once between minute 2 and minute 3. The tester will ask
the user to pause and present the question to him/her, answers will be then
recorded and then assigned to scores later. Table 2.8 shows what each SA level
contained for blind participants within OAT tasks.
Table 2.8: SA levels in OAT tasks for blind individuals.
SA level 1 SA level 2 SA level 3
Perceiving information
from the environment
as well as the system
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2.3.2.6 The Relationship between the User’s SA and Performance
The relationship between user’s SA and performance has been investi-
gated in di erent domains [27, 97]. Endsley [27] investigated the relationship
between pilots’ SA and performance. Pilots were divided into two teams.
Each team was assigned a defending task or an attacking task. Pilots’ SA was
measured using the SAGAT method. Endsley’s showed a significantly high
correlation between pilots’ SA and performance for one of the teams. The re-
sults showed no link between pilot’s SA and performance for those who realize
their gap in the SA and adapt to the task. Endsley, indicated that the nature
of the task might have a ected the results for the second team. Venturino, et
al. [97] studied the relation between the performance of pilots in an evaluation
of a new missile system with their SA. Their findings suggested that SA can
contribute to pilots’ SA as one of the factors but are not necessary.
No previous work investigated the relationship between blind travelers’
performance and SA when using OAT systems within indoor environments.
In order to check whether the SA metrics used: SAGAT and SART are valid,
the researcher needed to investigate their relationship with performance and
user satisfaction level. The next section will discuss the link between user’s
SA and satisfaction when using an OAT system.
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2.3.2.7 The Relationship Between Blind Individuals’ SA and Sat-
isfaction
The relationship between the user’s performance and satisfaction has
been investigated for indoor navigation systems that aid sighted persons [14,
23]. Previous studies have shown relationships between user’s performance
and some user satisfaction factors. The relationship between blind individu-
als’ satisfaction and performance is unknown. Additionally, no studies have
explored the relationship between blind individuals’ SA and user satisfaction
when traveling in unfamiliar indoor environments. This section will review the
previous work that investigated the relationship between user performance and
satisfaction for sighted users when traveling indoor environments.
Dethlefs, et al. [23] conducted a study to test a new performance met-
rics to test a dialog-based indoor navigation system. They proposed three
performance metrics that considered the di culty of the travel task and com-
pared it with the traditional binary-performance metric. Through their study,
they explored the relationship between user satisfaction metrics and perfor-
mance indicators. The user satisfaction metric used in their work consists of
eight components: easiness, understandability, task-easiness, interaction pace,
verbal command easiness, feedback, expected behavior, and the likeliness for
future use. Except for feedback and the likeliness for future use, all of the
components have shown a strong correlation with the traditional performance
metric during the test.
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Arning, et al. [14] using 24 participants empirically investigated user’s
perception, navigation, and workload when using an indoor navigation device
with two conditions: mobile screen and projector modes. Authors explored
the relationship between user’s performance and ease-of-use as well as trust.
In their results, they reported that the trust factor of the navigation device
strongly a ected the navigation performance of the participants. However,
performance was not strongly correlated with ease-of-use.
While previous examples demonstrated an evidence of the correlation
between user performance and some user satisfaction components, they do not
explore the same relationships for blind individuals. Furthermore, no studies
were directed to study the relationship between blind users’ performance and
satisfaction when using OAT systems. Answering such questions can generate
findings that are valuable to evaluators when evaluating OAT systems. There
is a possibility that user satisfaction correlates with one SA level more than
others. In this case, designers can look for the information that represents
that level and make sure that it is addressed by the system feedback in order
to achieve high user satisfaction.
2.4 Research Questions
This work developed a set of four research questions for the purpose of
investigating the applicability and benefits of introducing the SA evaluation
process to the assessments of OAT systems that aid blind persons within in-
door environments. The first research question discusses the needs and factors
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that a ect the orientation of individuals with visual impairments’ orientation
in unfamiliar indoor environments. The second discusses the benefit of having
SA metrics when evaluating OAT systems. The third discusses the relation-
ship between blind individuals’ SA and performance when traversing indoor
environments. The fourth discusses the relationship between blind individuals’
SA and their satisfaction level during the indoor orientation tasks.
RQ1
When visiting unfamiliar indoor environments, what are the factors and
needs of individuals with visual impairments that help in raising their
situation awareness from the individuals’ point-of-view as well as O&M
instructors?
As the first step of this work, the researcher would like to learn what
challenges persist for individuals with visual impairments when navigat-
ing unfamiliar indoor environments. Learning about that experience can
help the researcher to elicit and model SA requirements for the domain
as the basis for the work.
RQ2
Do SA measures: SAGAT and SART show higher scores for blind indi-
viduals who use OAT system as opposed to individuals who do not?
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With the assumption that OAT systems would enhance blind individu-
als’ SA when traversing unfamiliar indoor environments, the researcher
expects user’s SAGAT and SART scores to be higher when using an
OAT system.
RQ3
During orientation in unfamiliar indoor environments, do measures of
the blind individual’s SA: SAGAT and SART correlate with the orienta-
tion performance?
This research question discusses if blind individuals’ SA benefit their
performance when using an OAT system.
RQ4
During orientation in unfamiliar indoor environments, do measures of
the blind individual’s SA: SAGAT and SART correlate with the satisfac-
tion, stress, and confidence levels?
The researcher would like to investigate if the users’ satisfaction relates
to how aware they feel they are of their environment, as well as how it
relates to their confidence and their stress level.
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2.5 Conclusion
This chapter discussed and explained in detail SA theory that includes:
requirements elicitation and modeling, design process, and metrics. Also, it
compared some of the existing SA metrics and discussed their applicability to
the work domain. Additionally, this chapter reviewed some of the current work
that was conducted to evaluate OAT systems with a focus on the evaluation
methods that have been used.
SA metrics can be incorporated in the OAT system evaluation to show
details about the user’s understanding of the test environment. This incorpo-
ration can help in revealing weak design areas that evaluators can focus on.
The next chapter discusses a series of three user studies that were conducted
to help the researcher in formulating the system and SA requirements as the
basis for the SA metric’s probes.
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Chapter 3
The Design and Requirements Studies
The researcher conducted a series of three user studies that are intended
to capture several characteristics about the targeted users as well as elicit SA
and system requirements. The researcher conducted three user studies: the
domain understanding, orientation and mobility (O&M) recommendations,
and online survey. These user studies focused on the details that enhance
blind individuals’ SA as well as their technology preferences. The rest of this
chapter will discuss each user study in detail.
The work described in this chapter answers the first research question
(RQ1). This chapter has two contributions. The first contribution of this
chapter is uncovering disorientation factors that a ect individuals with visual
impairments when traveling unfamiliar indoor environments. The second con-
tribution is reporting in detail the user experience of individuals with visual
impairments when attempting to orient themselves in unfamiliar indoor envi-
ronments.
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3.1 Study 1: The Domain Understanding
Orientation and navigation in unfamiliar indoor environments is one of
the challenges that face the individuals with visual impairments on a regular
basis when traveling such environments. This work proposed the application
of SA metrics as part of the OAT evaluation process. Towards this goal, the
researcher conducted a user study that focused to understand the domain of
individuals with visual impairments’ orientation and navigation in unfamiliar
indoor environments. This study involved interviews with 24 individuals with
visual impairments. The goal was to learn from them what they do when they
navigate through an unfamiliar indoor environment. That included identify-
ing the real problem that persists with them. Also, the researcher initially
investigated individuals’ exposure to other indoor orientation and navigation
assistive technologies and their preferences and acceptance to any in the fu-
ture. The researcher had three research questions that he tried to answer in
this study:
(a) How the visually impaired individuals orient and navigate when entering
unfamiliar indoor environments?
(b) What information do visually impaired users need to support their ori-
entation and mobility in unfamiliar indoor environments?
(c) What are the forms of technology that visually impaired users prefer to
use to assist their orientation in unfamiliar indoor environments?
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3.1.1 Methodology
The design of this user study was in the form of semi-structured in-
terviews. 66 questions were used, of which 21 were open-ended and 45 were
close-ended questions. Each question was designed to answer or discuss part
of the research questions. The interview questions can be divided into the
following categories:
• User demographics
• Mobility issues in indoor environments
• Identifying indoor orientation and navigation tasks
• Identifying frustrations and concerns in di erent indoor environments
• Exposure and experience with indoor orientation assistive technologies
• User interface and technology preferences for indoor orientation assistive
technologies
All participants were asked the same questions; however, when needing
elaboration, further questions were asked. Recruiting was done through online




The researcher captured participants’ responses in Google forms1 where
they were transformed into spreadsheets afterwards. Interviews were con-
ducted either using phone or Skype2. The duration of each interview was
about an hour. The researcher transformed close-ended questions’ responses
into numerical results. For the open-ended questions, the researcher used the
open coding method, which is a part of the grounded theory [88]. The rest of
this section will overview the results in detail.
3.1.2.1 Demographics
In this study, the researcher interviewed 24 individuals with visual im-
pairments: 10 males and 14 females. Participants’ mean age was 49.2 years,
with a 14.8-year standard deviation. Interviewees were from six countries:
US, Canada, UK, Italy, New Zealand and Australia. Table 3.1 shows partic-
ipants’ geographical locations. Twelve of the participants had sight at some
stage of their lives, while the rest were born blind. Eleven of the participants
primarily use guide-dogs to travel indoors, while the remaining 13 use canes
(see Table 3.2). In terms of orientation and mobility (O&M) training, 23 of
the participants received O&M training, while one did not receive it. The




22 participants, the results were plateaued. That led to a decision to stop at
that stage as that the researcher was not getting any new results.
Table 3.1: Participants’ geographical locations in the domain study.
Participants Country/State # of participants
D16 USA-AZ 1















G15 New Zealand 1
Total 24
3.1.2.2 Indoor Navigation Di culties
One of the problems that the researcher investigated in this user study
was the di culty that persists with users when navigating di erent indoor
environments. The researcher asked the participants about di erent indoor
setups and investigated if they were comfortable navigating through them.
Table 3.3 reviews indoor environment setups that were discussed with the
participants, while Figure 3.1 shows participants’ response on the ease of travel
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Table 3.2: Classification of participants depending on their level of functional
vision and mobility aid.
Travel aid Legally blind Totally blind
Cane C2, C11, C17 C1, C4, C5, C6, C7, C8, C14,
C19, C20, C22
Guide-dog G12, G23 G3, G9, G10, G13, G15, G16,
G18, G21, G24
in each. Open indoor areas were the most challenging setup. In fact, 29.1% of
participants said that they were fine navigating open indoor spaces. Absence
of landmarks in open areas was reported as one of the problems that make
the navigation harder. On the other hand, hallways were reported by 95.8%
as the least challenging indoor environment.
Table 3.3: Indoor environment variations.
Indoor type Example(s)
Open area Atrium area
Small room Small o ce
Large room Auditorium and large o ce spaces
Narrow way Hallways (or corridors)
3.1.2.3 Exposure to the Technology
Through this study, the researcher investigated participants’ experi-
ence with smartphones as well as indoor orientation technologies. In terms of
exposure to orientation technology, four of the participants reported their ex-
perience with di erent high-end assistive technologies for indoor environments.
On the other hand, the rest of the participants use primarily either a cane or
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N=24
Figure 3.1: Participants’ response to a question about the ease of navigation
independently through di erent indoor setups.
a guide-dog to orient themselves in unfamiliar indoor environments. Table 3.4
illustrates participants’ experience with non-standard orientation technologies.
Another element of technology use-that was investigated in the inter-
views was the use of smartphones. 21 of the participants reported that they
own and use smartphones, while three said that they do not. As it shown in
Figure 3.2, 21 of the participants reported that they own and use smartphones
on a regular basis, while three participants stated that they neither own nor
use smartphones. The high percentage of smartphone users may be a ected by
the recruiting stage. the researcher recruited participants from online mailing
lists that are dedicated to support Apple computer users.
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Mini-guide 2 It was reported to be used in known indoor
environments like homes and work. Also, it
was used instead of the regular cane
Ultra-cane 1 It is a white-cane equipped with an ultra-





1 These are augmented reality glasses that
transmit a video stream of environment and
identify di erent pre-defined objects in the
environment
Figure 3.2: Smartphone ownership and usage percentages.
3.1.2.4 User Needs
While the researcher explored many orientational scenarios with the
participants, they raised some issues that they face when visiting unfamiliar
indoors. Participants expressed their needs for an indoor navigation system to
raise their SA of the surrounding environment when traveling. For example,
participant G13 said, “I would like to have the same access to information [as
58
if I will get] if I were sighted, like when I walk to a building there will be an
indicator to certain things within the building.” In fact, 75% of participants
reported that they will use an indoor navigation system, while 21% said that
they may use it. Through the discussion questions, the researcher captured
a number of user needs when navigating unfamiliar buildings. Primary user
needs can be classified under the following categories:
1. Building information: participants reported important need-to-know build-
ing information that can provide them a better mental map of the build-
ing. For example, participant G13 said “I would like to have the same
access to information as if I will get if I were sighted, like when I walk to
a building there will be an indicator to certain things within the build-
ing.” Building information such as number of floors, availability of ADA
compliant bathrooms, and shape can be beneficial, as the user needs to
know some fundamental information about unfamiliar buildings.
2. Important landmarks: participants repeatedly reported their urgent need
to be provided with the locations of important landmarks around them
when they enter unfamiliar buildings. For example, participant G15 said,
“between point A and B it’s important to know general landmarks that
will help you to get to B.” Landmarks include but are not limited to:
bathrooms, stairs, elevators and reception desk. User position around
landmarks helps with orientation in relationship to nearby landmarks.
Additionally, participants reported their preference to “clock position-
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ing” representation when explaining landmarks’ positions. Figure 3.12
shows an example where a visually impaired user is navigating around
di erent landmarks. To inform the user about an elevator position, we
should say that the elevator is at 4 o’clock from his/her position.
3. Directions: all participants expressed their need for directions and guid-
ance. Most participants asked for step-by-step directions; however, two
participants reported that they do not prefer step-by-step directions, but
instead they prefer a descriptive guidance to their destination.
4. Obstacle avoidance: obstacle avoidance is an important and critical task
in visually impaired individuals’ navigation. Users reported that they are
generally comfortable with their assistive aid, such as a cane or guide-
dog. However, some obstacles were hard to detect. Most of the users
reported having trouble colliding with objects above the waist, like low
hanging signs. An example of that is what participant G15 said about
objects above his waist when using a cane: “with the cane, absolutely, I
identify it when I ran into it.” These types of obstacles can be dangerous
when an individual fails to detect them. Additionally, five participants
reported trouble identifying floor signs.
3.1.2.5 User Interface Preferences
The researcher investigated the user preferences towards the use of user
interface (UI) in OAT systems. To allow the participants to answer these ques-
tions, the researcher reviewed scenarios where he explained the environment
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and elicited their preferences. The researcher investigated two di erent envi-
ronments: hospitable environments, such as buildings with normal noise level,
and inhospitable environments, such as noisy and crowded open indoor spaces.
For the input preferences, the researcher reviewed with the participants
di erent input methods that existed in the current orientation and navigation
systems. Common input modes that were used to elicit participants’ pref-
erences were: speech recognition, buttons, smartphone-based gestures and
keypads. Figure 3.3 illustrates participants’ preferences for input modes in
an assistive technology in both hospitable and inhospitable indoor environ-
ments. For each input method, participants stated if they wanted to interact
with orientation assistive technology using that method or not. In hospitable
environments, speech recognition had an agreement from all participants as a
suitable mode for input. Smartphone-based gestures come second in hospitable
environments. In inhospitable environments, participants suggested the use of
gestures as the most preferred input mode. Second was button-based input.
The reason that speech-recognition was not the most preferred way in this
environment because noise is expected in inhospitable environments, which
makes it di cult for them to communicate with the system. Part of this is
derived from participants’ experience with the available speech recognition
technologies.
For output UI, the study investigated di erent output methods, such
as speech, tones/ non-verbal audios, and haptic feedback (vibration). All
output methods were investigated in two environments: hospitable and in-
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N=24
Figure 3.3: User interface preferences for input methods.
hospitable. Output types vary from descriptive information to users’ location
information. Descriptive information is any information that describes the
indoor environments such as building layout information. Location informa-
tion informs the user about any landmark location relative to the user’s posi-
tion. Figure 3.4 shows participants preferences for each of the proposed output
methods. Speech output was the most preferred method to display descriptive
information as well as location. In both hospitable and inhospitable environ-
ments, haptic feedback, such as vibration was the second-most preferred way




Figure 3.4: User interface preferences for output modes.
3.1.2.6 User Task Analysis
To understand visually impaired individuals’ orientation, the researcher
conducted an in-depth Hierarchal Task Analysis (HTA) for the orientation
tasks in indoor environments. HTA [19] provides a hierarchical decomposition
of the tasks from the user’s point of view. Using information provided by
participants, the researcher developed a set of steps that visually impaired
users performed when entering unfamiliar indoor environments. Appendix
A shows in detail a tabular form of the conducted HTA. The HTA shows
significant di erences in the way visually impaired cane users orient themselves
in unfamiliar indoor environments compared to guide-dog users. According to
the participants, one of the di erences is that cane users pause for a couple
of minutes when entering unfamiliar indoor buildings, while guide-dog users
pause for few seconds. For example, participant C1 said, “probably the first
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thing I would do is get inside and just stand still for a minute and listen. And
if there is an elevator, I would hear people using it, if it is a busy building that
is, or if I’m going to a doctor’s o ce, there would be a receptionist behind
the desk [you can hear these machines that he/she is using.] So, I’d listen
for clues [is] to where I might be and then I just start going and see what I
come to.” This is an important step, as cane users need to have a preliminary
understanding of the potential objects and obstacles within an environment
before moving forward to walk through it. On the other hand, guide-dog users
pause to get a general sense of the environment. Participant G3 said “I usually
would stop and listen to get a general sense of my surrounding and then direct
my dog accordingly;” however he added, “then I would tell the dog ’go forward’
and ’find elevator’ or ’stairs’.” This is an example that shows that guide-dog
users rely on their dogs to orient them in unfamiliar indoor buildings. It also
shows that guide-dog users can explore unfamiliar indoors more easily than
cane users.
3.1.2.7 Conclusion
This section discussed the domain understanding user study. Using
the designed semi-structured interview, the researcher interviewed 24 visually
impaired participants from five countries. The results show that user needs
can be classified under four categories: understanding building information and
properties, identifying important landmarks around, getting proper directions
to user designated destinations, and avoiding obstacles that cannot be detected
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with their current assisted tools. The results, also, show that speech-based
feedback is the most preferable output method for the participants. This
supports this work’s aim to use the speech-based output modality. By looking
at the conducted HTA, we concluded that users who use canes use di erent sub
tasks than guide-dog users. These di erences lead the researcher to consider
narrowing the user profile to one class. The researcher decided to focus the
study on the cane users. The reason behind this consideration is that cane
users reported having trouble with understanding the environment more than
guide-dog users. Guide-dog users are capable to search indoor environments
for di erent landmarks such as stairs, and elevators.
3.2 Study 2: Orientation and Mobility Recommenda-
tions
In the previous user study, the researcher conducted an initial study
where he tried to explore di erent problems that visually impaired users face
when traveling unfamiliar indoors. The previous study found that most of the
individuals with visual impairments’ navigation problems in unfamiliar indoor
environments can be categorized under three challenges: maintaining orienta-
tion, finding path and detecting obstacles. Based on the previous user study
results, the researcher decided to focus his study on the orientation challenges
as they a ect the travel experience largely. In this study, the researcher inter-
viewed 6 orientation and mobility (O&M) instructors to learn from them the
orientation problems in unfamiliar indoors. The interviews were focused on
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atrium areas as an application of open spaces. Also, the interviews discussed
the best practices to navigate indoors from an O&M instructors’ point of view.
This user study focuses on the following research questions:
(a) What are the O&M recommended practices that help in gaining en-
hanced orientation when navigating unfamiliar indoor open spaces?
(b) What type of information do the visually impaired individuals look for
when entering unfamiliar indoor environments?
(c) What are the recommended practices in indoors that students tend to
ignore?
3.2.1 Methodology
The interviews were conducted as phone semi-structured interviews
over the phone. The survey consists of 22 questions,12 of them are close-ended
questions and 10 are open ended. The researcher took liberty to elaborate on
any specific question when needed. The participants were recruited through an
invitation email posted on specialized private mailing list for the individuals
with visual impairments. Every interview took between 45-60 minutes. The
results were analyzed using mixed methods techniques. Quantitative data was
translated and reported in numerical statistical values, while the qualitative
responses were interpreted using the grounded theory open coding method [88].
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3.2.2 O&M Approaches
Two O&M approaches have evolved since five to six decades ago in the
US [82]. The first type is currently referred to as the conventional approach
which is currently accredited by the Academy for Certification of Vision Reha-
bilitation and Education Professionals (ACVREP). National Blindness Profes-
sional Certification Board (NBPCB) currently accredits the second approach,
which is referred to as the alternative approach. This section will give an
overview of both approaches and discuss their instruction di erences from the
orientation point-of-view.
3.2.2.1 The Conventional Approach
The conventional approach was started more than 30 years ago, where
the first certification program was started in 1968 [82]. Over years the ap-
proach has been evolved. This method initially required a sighted instructor
to continuously monitor visually impaired students in the training process.
In 1996, the certification program was extended now to include instructors
with disabilities including visual impairment as long as they can monitor the
students with any required aid. As mentioned before, this method requires
the mean of sight monitoring to the students within instruction. Instructors
who have a full or partial sight, however, are required to learn to travel while
blind-folded or using a low vision simulator [82]. This approach employs the
instructional strategies in addition to techniques such as: guided learning, dis-
covery learning, and behavioral analysis. The training is delivered through
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sequential instructions to the students, where they learn how to do several
travel techniques [82]. An important point about the conventional approach
is that it uses the visual understanding of the environment as a mean for
the students to understand how to travel in that environment [4]. Another
important point is that instructors are responsible for students’ safety. The
skills that are taught through the conventional approach are classified under
24 skills. Among the skills: trailing, cane techniques, utilizing landmarks,
compass direction, route planning, techniques to travel indoors, and problem
solving.
3.2.2.2 The Alternative Approach
In contrast of the conventional O&M method that uses the visual meth-
ods such as the guided learning, the second (or alternative) approach employs
the cognitive science and structured-discovery learning [4]. This method was
started in the 1940s, but the training program started in an experimental pe-
riod at Iowa Commission for The Blind in 1958, and shortly in about ten years
later, the program was noted to be among the best rehabilitation programs
in the US [82]. This approach uses non-visual techniques to teach students
how to travel. Additionally, students are primarily responsible for their own
safety. Instead of teaching students steps on how to travel, instructors pro-
vide techniques on how to explore the environment and try to understand the
context. O&M instructors in this approach need to master traveling without
visual perception. Thus, instructors with full or partial sight are required to
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wear sleep shades during their training process. Students should be given ba-
sic instructions at the beginning of the training on how to master their cane
techniques, then they will be instructed in the form of problem solving fashion.
Instructors provide minimal information to the students, and then let students
learn their way of the environment in a non-visual way. Ruby Ryles [4] men-
tioned in her article that they found the long, rigid, fiberglass cane to be best
for their students because it is lightweight and has ability to provide a good
tactile and auditory feedback that helps in providing important cues about
the environment.
3.2.2.3 Understanding the Di erences
Despite the di erences between the two O&M training approaches, they
share similarities in the general outcome of the training. Two of the study
participants identified themselves as ”structural discovery” instructors, while
the other four participants did not. The alternative approach is a recent
approach and it started recently to be accredited and currently o ered by
fewer institutes than the conventional approach [82]. Table 3.5 illustrates a
brief comparison between O&M approaches from di erent points-of-view that
relate to the indoor orientation.
3.2.3 Results
The researcher used Google forms for the interview questions, and filled
them while interviewing participants over the phone. The raw data was ex-
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Table 3.5: Comparison between O&M approaches that related to indoors
travel.
Conventional approach Alternative approach




Holds BA or MA with O&M
concentration, or BA with
an additional 12-credits do-
main requirement
Holds BA or MA with
O&M concentration, or
high school and a two
years supervised O&M
training
Objective Public health and safety Trainee empowerment
Teaching strat-
egy
Guided learning & discov-
ery learning
Structured discovery
Trainee safety Instructor is primarily
responsible for students’
safety, and when students




ported on a spreadsheet, and then processed using IBM SPSS1 for the quan-
titative data. Also, the researchers used Dedoose online software2 for the
qualitative and open coding analysis. The rest of this section will illustrate
and discuss the results.
3.2.3.1 Demographics
In this study, the researcher interviewed six O&M instructors who are
still on duty. Three of the participants are male, while the other three are
females. Participants’ mean age was 50.5 years, with 11.9 years standard de-
1IBM SPSS website: http://www-01.ibm.com/software/analytics/spss/
2Dedoose website: http://www.dedoose.com/
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Figure 3.5: Participants’ geographical locations.
viation. The oldest participant was 60 years old and the youngest was 27
years old. Participants range from five di erent states: Pennsylvania, Ken-
tucky, Nebraska, New Mexico, and California (see Figure 3.5). Table 3.6
shows instructors’ demographics and sight condition. Two of the instructors
were sighted, while the other four were visually impaired. Three of the indi-
viduals with visual impairments were visually impaired since birth, while the
remaining lost sight more than five years ago. Except one, all instructors have
more than three years experience in O&M training. The exception was a new
instructor who had an O&M instruction experience for less than a year.
3.2.3.2 Clients Training Process
According to the participants, the training process is a long and lengthy
process where instructors are required to give (in most cases) one-to-one train-
ing sessions for between 1-3 hours every day. This training takes about 6-9
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Table 3.6: Key facts about O&M study’s participants.
ID Location Age Sex O&M Experience Vision
O1 US-CA 53 F 3+ years Sighted
O2 US-KY 60 F 3+ years Sighted
O3 US-PA 57 M 3+ years Not Sighted
O4 US-NE 55 M 3+ years Not Sighted
O5 US-NM 27 F Less than a year Not Sighted
O6 US-KY 51 M 3+ years Not Sighted
months. In some cases, the training can go for a longer period depending on
a student progress and ability of being an independent traveler. The training
involves the necessary training from basic cane techniques to mastering the
required travel skills. Four of the participants reported conducting the train-
ing in an individual basis, one reported doing it in groups, and one reported
doing both ways depending on how advanced are the students with prefer-
ence towards individual training. The participant who reported conducting
the training in groups mentioned that training is mostly in a group of 3. The
training, also, is conducted in di erent indoor and outdoor setups. Students
perform the indoor training in di erent buildings such as: malls, buildings
with large atriums such as o ce buildings and hospitals, bus and train sta-
tions, airports, and supermarkets.
3.2.3.3 Best Practices
In a presentation o ered by the National Council of State Agencies for
the Blind (NCSAB) [82], presenters stated that “in the mainstream O&M pro-
fession, it is not easy to define ‘best practice’ because there is no one system of
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teaching O&M which everyone agrees to use. Instead, there is a wide variety
of instructors and clients, and teaching strategies are used that maximize the
abilities and strengths of the client and the instructor.” With this in mind, the
researcher investigated the used best practices for indoor traveling that are
used by the instructors. The researcher focused on the best practices that are
related to unfamiliar indoor travel. Using the open coding, the researcher have
categorized participants’ feedback about the best practices when traveling un-
familiar atrium areas indoors under multiple categories. These categories are
explained in the following sections. These sections are related to the afore-
mentioned research questions (a) and (b).
3.2.3.4 Understanding Environmental Cues
Paying attention to di erent cues and comprehending them play a ma-
jor role in the visually impaired individuals’ orientation in unfamiliar indoors.
Environmental cues o er valuable information that help in building the in-
dividuals’ mental map of the environment. In open indoor spaces, such as
atriums, understanding cues is far more important than understanding them
in the narrow areas such as hallways. Trailing walls is not always possible in
open areas, which makes traveling experience harder. Through this interview,
participants provided di erent information about cues that can be useful to
the visually impaired individuals when traveling indoor atrium areas. The re-
searcher classified environmental cues depending on their corresponding sense.
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Figure 3.6: The visually impaired individuals use di erent senses to pickup
cues from the surrounding environment.
Figure 3.6 gives a general overview of how do individuals with visual impair-
ments understand indoor environments.
Auditory cues Except for the deaf/hard of hearing individuals with vi-
sual impairments, auditory cues are the most important cues that provide
information. Paying good attention to di erent ambient sounds can provide
a valuable information to the individuals with visual impairments. Through
this study, participants provided and discussed many auditory cues that the
visually impaired individuals should pay attention to in order to gain a higher
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understanding of the environment. Auditory cues can be categorized as the
following:
(a) Landmark’s sounds: some landmarks produced sounds that can provide
good cues that help in the visually impaired individuals’ orientation.
Example of this type is the bell sound of an elevator.
(b) Tra c sound: pedestrians’ tra c sound can provide cues to understand
tra c flows in open areas. Also, it can guide the visually impaired
individuals when in motion.
(c) Cane auditory feedback: cane tip can provide a valuable auditory feed-
back, which gives cues that explain the environment. When using the
cane, picking up reflective sounds can give cues about the floor texture,
user position in terms of how far is an individual from walls and other
landmarks.
Olfactory information Smells can be also used to understand di erent
information about the indoor environment. Most participants expressed and
discussed that a smell can be a valuable cue in any environment. However,
participants emphasized that smells are not considered as major cues since
they are not permanent.
Tactile information One important cue that can be used to incorporate the
visually impaired individuals’ understanding of the indoor environments is the
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tactile information such as: floor texture, walls, and objects. Floor textures are
very important since that they provide a valuable cue to the individuals. For
example, transitioning from a floor texture to another can give an indicator
that the visually impaired individual has entered a new area. This type of
cue can provide a good context to them as they can expect some changes in
the environment. Participants discussed that some tactile information is not
considered as permanent cue. For example floor rugs such as door matt should
not be considered as a landmark but rather as a cue. The reason is that a
rug can be removed or shifted on the floor which makes it less valuable as a
landmark. It even can go worse, when an individual relies on such landmark
while its not there.
3.2.3.5 Cane Techniques
Cane touch technique is an important part of the O&M training. Basics
like the cane grip, and positioning are essential to be maintained when traveling
indoors. Two main techniques that were reported by the participants as that
they use and advise their students to follow when traveling indoors:
(a) Two-point touch: when traveling, user drops the cane on one side then
swipes it to the other side. The swipe can be done with a slide or drag
depending on the user preferences [53].
(b) Constant contact: when traveling, the cane will constantly make contact
with the floor and user moves it forward and backwards [53].
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The importance of the cane techniques is that they provide lower body
protection, and provide a good auditory feedback about the floor texture and
the surrounding environment. When traveling, changes on the touch auditory
and tacitly feedback can carry good cues about the environment changes.
Another cane technique that was discussed with the participants was
the cane grip. Grip is how users hold their canes when traveling indoors. The
participants have mentioned two cane grips:
(a) Standard Grip: gripping the cane with users palm and holding it against
the user body [104]. This grip is the normal grip with an open palm that
can be used in most conditions. Figure 3.7 [2] shows the standard grip
techniques using an open palm.
(b) Pencil Grip: gripping the cane in a similar way when gripping a pencil
while holding the cane in almost a vertical position [104]. This tech-
nique was reported by the participants to be useful in crowded indoors.
Figure 3.8 [2] illustrates two pencil grip techniques. The first (on left)
used to detect stairs steps, and the second (on right) is used to navigate
crowded areas.
3.2.3.6 Open Space Exploration Strategies
The researcher explored di erent scenarios with the participants to
understand what strategies do they teach their visually impaired clients to
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Figure 3.7: Standard grip positions.
perform that enhances their understanding of indoor open spaces such as atri-
ums. While all instructors explained the needed fundamental techniques such
as cane techniques, the researcher further investigated strategies that such
individuals perform to explore unfamiliar open spaces.
Individuals with visual impairments should pay attention to di erent
environmental cues that can help them to formulate an initial understanding
of indoor open spaces. Two strategies that were reported by the interviewed
instructors were:
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Figure 3.8: Pencil grip techniques.
(a) Perimeter search: When a visually impaired individual tries to under-
stand an indoor open space. The visually impaired individual trails the
next wall to his/her side and follows the walls around the space until
he/she comes back to the original position. While a visually impaired
individual is trailing walls, he/she tries to collect cues about the land-
marks and obstacles near the walls. This strategy gives the visually
impaired individual the ability to understand the environment; however,
it might not allow the visually impaired individuals to understand the
area in the middle of the open space.
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(b) Grid search: when a visually impaired individual enters an indoor open
space and pays attention to the environmental cues, he/she starts explor-
ing the space by checking the back side wall (the wall at the beginning
of the building), then the visually impaired individual tries to cross the
space to the other side and trails the opposite wall. This will allow visu-
ally impaired individuals to understand the open atrium area and build
a better mental map that relys on their perception when standing at the
beginning of the building.
3.2.3.7 Un-Recommended Practices
Through the study, the researcher discussed with the participants if
they noticed any common best practices that were ignored by their students
when they leave the O&M training. This answers the research question number
(c). The researcher coded the responses on what they think are improper
navigation practices that students tend to do when leaving the O&M training:
1. Impatience: ”A lot of students are not patient enough.” says participant
O3. ”Some students get overwhelmed in indoors, and instead of paying
attention to environment and they go from kinda lost and be lost.” says
participant O5. Some visually impaired students do not give enough time
to realize the environment and understand it when entering unfamiliar
setups. Instead, they rush into the environment with little understanding
of what’s in it.
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2. Improper cane technique: ”cane techniques people may not follow, a
lot of the students I work with, resist centering their hands in the mid-
dle with proper grasp.” participant O1 said. Some visually impaired
students tend to ignore the proper use of the cane. For example, not
using the pencil grip in crowded areas which might result into tripping
a pedestrian.
3. Over dependence: Some students with a very limited vision get overly
dependent on it when navigating indoors. This however, was expressed
by participants O2 and O4 as a dangerous act. Another dependence
issue that was expressed by participant O4 is the over dependence on
pedestrians’ help. This is not a recommended practice because users can
end up in situations where no help is available.
4. Not reaching out to the environment: Some students avoid touching the
objects in the environment when they face any. According to participants
O3 and O4, touching objects when facing them can provide valuable
information about the type of the object. Example of reaching out to
the environment is touching objects such as signs and identifying their
features.
3.2.4 Codes
The results presented here are based on open coding that was conducted
on the participants’ feedback. The codes are presented in the following coding
map that shows the relation between each. Figure 3.9 illustrates a map for
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Figure 3.9: A concept map for the second user study.
the codes in this study. The codes were divided into sub-levels as it shown
in Table 3.7. The table, also, shows the count of each code occurrence. The
higher level counts are the sum of lower level plus their own counts.
Table 3.7: Level-based code counts.
Level Code name Count
1 Best Practices 82
1.1 Cane Usage 9
1.1.1 Grip 6
1.1.1.1 Normal grip 3
1.1.1.2 Pencil grip 3
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Table 3.7: Level-based code counts.
Level Code name Count
1.1.2 Touch 2
1.1.2.1 2-point touch 1




1.2.1.1.1 Cane feedback sound 3
1.2.1.1.2 Landmarks sound 10
1.2.1.1.3 Tra c sound 7
1.2.1.2 Olfactory 5
1.2.1.3 Tactile 16
1.2.1.3.1 Cane tactile feedback 4





2 Un-recommended practices 10
2.1 Impatience 2
2.2 Improper cane technique 5
2.3 Not reaching out to environment 1
2.4 Over dependence on human 2
3 Training approaches 6
3.1 Conventional approach 4
3.2 Structured discovery 2
3.2.5 Conclusion
O&M training helps in providing the required skills for blind and vi-
sually impaired participants to be independent travelers. After completing
the training, participants should be able to orient themselves and travel in-
83
dependently with minimal human help. Travel skills, however, vary from one
to another due to individuals’ ability of paying attention to the environment.
Through this study, the researcher noticed that structural-discovery O&M
trainers tend to focus more on exploring indoors than conventional O&M in-
structors. In both schools, students are left with set of skills and techniques
that enhance their abilities to understand indoor environments when traveling.
In this user study, the researcher interviewed six O&M trainers who work in
the US. The researcher discussed the indoor orientation best practices from
O&M instructors’ point-of-view. Also, he discussed that auditory cues are
the most common beneficial cues in unfamiliar atrium areas. Depending on
ambient sounds, visually impaired users can build their mental maps, which
can assist them when orienting in unfamiliar environments. This study incor-
porated the previous results and provided the thesis with another perspective
of how should individuals with visual impairments orient themselves in unfa-
miliar indoor environments from an O&M point-of-view.
3.3 Study 3: Orientation Problems and System Prefer-
ences Online Survey
The previous findings suggested that visually impaired users experience
many challenges when orienting themselves in unfamiliar indoors. Depending
on the noise level, building layout complexity, and the availability of human
help, orientation can be a challenge. Also, based on the findings, orientation
in unfamiliar atrium areas can be hard as users strive to pickup any useful
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cues from the surrounding environments. In this study, the researcher tried
to answer di erent research questions that are connected to our main research
questions:
(a) What are the factors that cause the individuals with visual impairments
to be disoriented in unfamiliar indoor atrium areas?
(b) What type of information do the individuals with visual impairments
look for to adjust their orientation in unfamiliar indoor atrium areas?
(c) What technology and interaction preferences do individuals with visual
impairments prefer in an assistive orientation technology?
As a follow up of the previous user studies, the researcher has conducted
a third user study in the form of an online survey. The objective behind the
third study is to validate and expand the previous findings. Also, to identify
user preferences for system interaction (input and output) as the basis for
users’ initial requirements. The researcher has used di erent platforms to
attract participants to fill out the online survey such as: online mailing lists,
social news lists such as reddit.com, emailing previous participants, in addition
to a word-of-a-mouth (by those in the aforementioned groups).
Through the previous studies, the researcher has found that the dis-
orientation problem occurs more with visually impaired users who use their
cane to navigate unfamiliar buildings. This, however, guided him to tailor the
online survey to be more specific to cane users. Additionally, the researcher
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has considered users who are not associated with secondary disabilities such
as: motor and hearing. The reason behind this decision was to generate initial
requirements that can be generalized to a larger population. The selection
criteria can be summarized as any visually impaired individual who:
(a) Is an adult
(b) Uses cane
(c) Is not using a guide-dog
(d) Is not hard-of-hearing or deaf
(e) Is able to walk unassisted
3.3.1 Methodology
This study was designed as an open survey to validate and expand the
previous findings; also, to elicit initial requirements for an orientation assistive
technology. The survey consists of 27 questions. Questions have di erent
styles such as: demographic questions, multiple choice, discussion questions
and attitudinal questions. To analyze the results, the researcher used mixed
methods techniques where questions that had the quantitative nature were
interpreted into a numerical form, and questions with qualitative nature were
open coded [88] and categorized accordingly.
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Figure 3.10: An annotated Google map that shows the geographical locations
of the study’s participants.
3.3.2 Results
In the survey described here, the researcher received 65 responses. The
sample mean age was 53.26 years with 11.29 years standard deviation. The
range between participants’ ages was 51 years, where the youngest partic-
ipant was 20 years old and the oldest was 71 years old. The male-female
ratio was about half where 32 were female, 31 male, and 2 preferred not to
answer. In terms of the geographical locations, participants came from 27
di erent geographical locations inside and outside the United States (US). Ta-
ble 3.8 illustrates participants’ geographical locations, while Figure 3.10 and
Figure 3.11 show them on maps. The majority of the participants live in the
US (56 participants). Two of the participants preferred not to reveal their
location.
87
Table 3.8: Number of participants geographically.
ID Country/State Count
3 US- California 4
4 Canada 4
5 US- Texas 4
6 US- Maryland 3
7 US- Washington 3
8 US- Arizona 2
9 England 2
10 US- Massachusetts 2
11 US- Michigan 2
12 US- Minnesota 2
13 US- North Carolina 2
14 Australia 1
15 US- Florida 1
16 US- Illinois 1
17 US- Iowa 1
18 US- Kentucky 1
19 US- Maine 1
20 US- Mississippi 1
21 US- Missouri 1
22 US- Ohio 1
23 US- Oregon 1
24 US- South Carolina 1
25 US- Tennessee 1
26 US- West Virginia 1
27 US- Wisconsin 1
28 Did not answer 2
In the United States 56 (86.2%)
Out of the United States 7 (10.8%)
Did not answer 2 (3.0%)
Total 65
In terms of the visual impairment types, 41 (63.1%) of the sample
self reported being totally blind while 24 (36.9%) reported being legally blind.
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Figure 3.11: Participants’ locations within the US.
Legally blind are defined by the US Social Security O ce as persons whose are
visual acuity are 20/200 or less in the better eye with best sight correction [82].
Depending on their age groups and level of functional vision, the researcher
has grouped the sample under four categories (see Table 3.9).
In terms of sight condition and cane usage, 44 (67.7%) of the partici-
pants reported being visually impaired since birth, while 21 (32.3%) of them
reported being visually impaired for more than 5 years. The survey asked
the participants if they have any visual perception of lights, shadows, colors,
and movement. Table 3.10 illustrates participants responses about their visual
perception.
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Female - S21, S40
No answer S1 -
No answer
Male S22 - 3 (4.6%)
Female - S42
No answer S59 -
Total 65
Fifty six participants (86.2%) indicated that they received their O&M
training more than 5 years ago, one (1.5%) received the training between 3-5
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Table 3.10: participants’ visual perception.
Visual perception Can see some form Cannot see
Light 25 (38.5%) 40 (61.5%)
Shadow 15 (23.1%) 50 (76.9%)
Color 13 (20.0%) 52 (80.0%)
Movement 15 (23.1%) 50 (76.9%)
years ago, 7 (10.8%) received their O&M training less than a year ago, and
one did not answer the question. In terms of their experience using the white
cane, 58 (89.2%) participants had an experience of using their cane for more
than 5 years, 2 (3.1%) had an experience between 3-5 years, and 5 participants
did not answer the question.
Finally, the survey investigated the use and ownership of smartphones.
Table 3.11 illustrates the sample response about smartphone ownership and
brand. All the participants who do not use smartphones live in the US and
Canada. Note that one participant owns and uses two smartphones: iPhone
and Android, while another participant owns and uses three smartphones:
iPhone, Android, and Symbian. Other participants own one smartphone at
most. Table 3.12 shows the age groups of the participants who said that they
don’t use smartphones where all live in the US except one of them.
3.3.3 Disorientation Factors and Information Needs
The study focused on two main areas: disorientation and information
needs in unfamiliar indoor environments with the focus of unknown indoor
open spaces. Disorientation factors mean any factor that result in losing the
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Table 3.11: Smartphone usage.
Smartphone Count
iOS device (iPhone) 42 (65.6%)
Android phone 4 (6.2%)
Nokia Symbian 1 (1.5%)
Jitterbug 1 (1.5%)
Use smartphone 45 (69.2%)
Do not use smartphone 16 (24.6%)*
Did not answer 4 (6.2%)







Did not answer age question 3 (18.75%)
Total 16
sense of the movement and direction of individuals in relation to environmental
landmarks. An example of disorientation is being lost in the middle of an open
area. In such case, an individual loses the track of his/her own position in
relation to the environment. This section answers research questions (a) and
(b).
3.3.3.1 Locating Braille Signs
The researcher asked the survey participants to indicate if they are
having trouble identifying and locating braille signs when entering unfamiliar
indoors. 40 (61.5%) of the participants said that they face troubles locating
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them, 21 (32.3%) said they sometimes face real challenge when looking for
them, three (4.6%) said that they are fine locating them, and 1 (1.5%) par-
ticipant said “I don’t read braille.” Also, the survey asked the participants
who indicated that they face this challenge ’sometimes’ to elaborate upon it.
The responses were coded into two levels. Table 3.13 illustrates participants’
responses.
Table 3.13: Codes for locating braille signs.
Sub-code 2nd level sub-code
1.1 Unavailable
1.2 Lack of consistent placement
1.3 Looking at the wrong side
1.4 Can’t reach it 1.4.1 human barrier1.4.2 Obstacle
1.5 I don’t need it 1.5.1 I don’t read braille1.5.2 I seek human help
1.6 Looking higher or lower
3.3.3.2 Disorientation Factors
The survey asked the participants di erent questions to understand
their orientation issues when they navigate unfamiliar indoors. The realiza-
tion of the surrounding landmarks in unfamiliar atrium areas was reported as
one of the problems. 62 of the participants responded to a question about
realizing landmarks by stating that it is a problem, while three did not an-
swer it. 31 (50.0%) participants indicated that ’yes’ they have trouble real-
izing landmarks around them when entering unfamiliar indoor environment,
9 (14.5%) said ’no’, and 22 (35.5%) said ’sometimes’ we encounter troubles
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realizing them. On the other hand, the survey asked the participants about
their orientation challenges that they might face in unfamiliar atrium areas.
Forty (63.5%) of the participants stated that they face troubles when orienting
themselves in unfamiliar atrium areas, 15 (23.8%) said sometimes they face
challenges, eight (12.7%) said ’no’, and two did not answer the question. An-
other question explored di erent challenges that might face the participants
in any unfamiliar atrium areas. Table 3.14 illustrates participants’ responses
to challenges presented to them.
Table 3.14: Participants were presented with di erent challenges and asked if
they think of them as a challenge.
Challenge Number and percentage (said yes)
Realizing landmarks location 55 (84.6%)
Objects on the floor (like floor signs
and cones)
50 (76.9%)
Absence of landmarks 47 (72.3%)




Along with the close-ended questions, the survey asked the participants
to express their orientation challenges that they face when entering unfamiliar
indoors. The researcher coded the ’disorientation factors’ that were provided
by the participants as it is shown in Table 3.15.
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Table 3.15: Disorientation factors.
Sub-code 2nd level sub-code
3.1 Noise level 3.1.1 High noise3.1.2 Silent buildings (landmarks are silent)
3.2. Pedestrians Activity level 3.2.1 High tra c (busy floor)3.2.2 No tra c (silent floor)
3.3 Physical barrier (looking
for a landmark that is behind
a physical barrier. E.g., re-
ception desk inside a room.)
3.4 Unavailability of braille
signs
3.5 Unavailability of human
help
3.6 Lighting level 3.6.1 Bright lights3.6.2 Misleading landmark information
3.7 Human interference (in
the discovery process)
3.8 Lack of consistent build-
ing layout
3.9 Open space 3.9.1 Large space3.9.2 Empty space (no landmarks)
13.10 Lack of building/layout
information
3.3.3.3 Information Needs
In another set of questions that were asked, the survey explored what
type of information they look for when entering unfamiliar indoors. The sur-
vey presented di erent types of information to see if participants wanted to
know about them when entering unfamiliar indoors. Table 3.16 summarizes
participants’ feedback.
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The survey asked additional questions about the user desire to know
about landmarks in front of and around him/her when in motion. 62 partic-
ipants responded to a question about their desire to know about landmarks
ahead of them when in motion. 39 participants (62.9%) said ’yes’ we would
like to know, 9 (14.5%) said ’maybe’ and 14 (22.6%) said ’no’. In another
question that asked if participants have the desire to know landmarks around
them when in motion, 61 participants answered this question, 47 (77.0%) of
them said ’yes’, 8 (13.1%) said ’maybe’, and 6 (9.8%) said ’no’.
Another question that relates to the information needs was about ob-
stacles that might be hard to detect using a cane such as: movable objects
and objects above user’s waist. 63 responses were received on this question,
43 participants (68.3%) said ’yes’ we would like to know about those types of
obstacles, 11 (17.5%) said ’maybe’, and 9 (14.3%) said ’no’. Users who said
’maybe’, expressed their desire to know obstacles that they fail to identify such
as the underside of staircases. For example, participant S38 said, “It might be
useful to know what landmarks to expect and their relevancy to orientation.
Swinging doors can be especially dangerous in atriums if building patrons are
not paying attention they can burst through a door smacking others with said
door.”
In addition to the previous questions about users’ information needs,
participants provided their feedback through a set of open-ended questions.
The researcher coded participants’ feedback as it shown in Table 3.16.
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Table 3.16: Information needs.
Sub-code 2nd level sub-code
2.1 Staircases and elevators
2.2 Abstract building information
2.2.1 Number of floors
2.2.2 Shape of building
2.2.3 Floors description
2.2.4 Path description
2.3 Bathrooms (gender oriented)
2.4 Availability and location of recep-
tion desk
2.5 Exit location (how to exit build-
ing)
2.6 Obstacles 2.6.1 Obstacles above user waist2.6.2 Movable objects
2.8 Important landmarks (reference
point, orientation aid)
2.9 Detailed floor information
3.3.3.4 Landmark Referencing and Orientation
To present the location of a landmark, users need a concise and clear
way to understand exactly the location. Through this study, the survey asked
the participants about their preferred method to point out exact locations
to them in indoors. The survey presented to the participants four di erent
variations: clock positioning system (see Figure 3.12), angle or degree system
(see figure 3.13), cardinal directions (see figure 3.14), and relative system (see
figure 3.15). 63 of the participants responded to this question, 34 (54.0%) of
them preferred using the clock position system, 13 (20.6%) of them said that
they prefer the angle (or degree) system, 11 (17.5%) preferred the relative sys-
tem, and five (7.9%) preferred the cardinal system. Additionally, in a similar
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Figure 3.12: Clock positioning system where 12 O’clock is in front of user.
open-ended question about their preferred system, most of the participants
suggested describing distance in terms of feet, and steps. For example, partic-
ipant S34 explained what a system should present when referring to landmark
by saying “The bathroom is about X feet ahead of you on the right. The
door pushes open and you must turn to the x once you are inside.” Another
example is what participant S29 suggested as a way to alert the user a nearby
landmark: “There is a bathroom 5 steps to the right of you. Or, The first
door on your right as you walk along the wall, is the bathroom.”
3.3.4 User Interface and Technology Preferences
Through this study, the researcher investigated and captured user pref-
erences towards the best technology form that appeals to the user and best
user interface (UI) to communicate with the system. This section answers the
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Figure 3.13: In degree positioning system, visually impaired users use degrees
to refer to position of a landmark. For example, information desk is in 0-degree
(in front of user).
research question (c). The rest of this section will discuss the results about
user preferred technology forms and UI.
3.3.4.1 Technology Selection
The survey asked the participants several questions about di erent
technologies that can be used as a form of orientation assistive technology.
First, it asked about what they think about using a smartphone as an assis-
tive device. 41 (70.7%) participants agreed on using an assistive orientation
technology (OAT) that runs and operates on their own smartphones, seven
participants (12.1%) disagreed, and 19 (32.2%) were undecided. The survey
further investigated the acceptance of a hands-free device that aid users ori-
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Figure 3.14: Cardinal system is another way to refer to a landmark around
a user. North is always in front of user.
entation in unfamiliar indoors. 46 (78%) participants agreed on the use of
hands-free OAT. Additionally, 43 (74.2%) participants agreed on the idea of
the OAT being on wristband that can be used on user’s hand. The reason
behind the hands-free questions was based on the previous findings, which
suggested that visually impaired cane users should not hold anything in their
second hand when in motion. Finally, the survey investigated the use of head-
phones with OAT system. 30 (50.8%) said they are okay using a lightweight
headset similar to Bluetooth headset when using OAT. This is aligned with
the fact that visually impaired individuals rely on their hearing sense to dis-
cover their surroundings. With that in mind, the survey had another question
that asked the participants if they think that using a headphone that does
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Figure 3.15: Relative system is another alternative to reference landmarks
around visually impaired users. The forward position is always in front of the
user.
not interfere with their hearing sense such as: bone conduction technology,
would be a good idea. 45 (81%) of participants think it’s a good idea to use
a similar headphone technology. On the other hand, 42 (70%) participants
disagree with the use of loud speakers in the OAT system.
3.3.4.2 Input
To adapt to di erent environmental changes, OAT systems should pro-
vide more than one modality for input. For example, voice commands in a
noisy environment might not be the best choice for users. Two variations of
input were investigated in this survey: speech-based and gesture-based input.
Both modalities had an agreement from the participants. In fact, 41 (69.5%)
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participants said that they like to interact with OAT using speech-based input.
Also, 32 (53.4%) participants said that they liked the idea of using tabs and
gestures as an input method to interact with OAT. This favor of speech over
gestures and tabs is not a surprise knowing that it is easier for users to query
a system using their speech rather than remembering special gestures or tabs.
3.3.4.3 Output
Because of the sight level of the blind and visually impaired users,
the survey investigated the use of two modes: haptic-based output such as
vibrations, and voice-based output such as spoken words. Every one of the
aforementioned output categories can be presented in di erent ways. This,
however, was not the focus of this survey. The survey was investigating the
user acceptance to output modalities. In terms of what the participants think
of the output modes, 58 (96.7%) participants reported that the voice feedback
is a good medium to display orientation information, while 46 (79.3%) of them
think that the voice is also appropriate for displaying alert information. On
the other hand, 49 (83.1%) participants think that vibrations are good for
alerting users when reaching their designation, while 37 (62.7%) think that
vibration is a good medium to alert users about obstacles. The results suggest
that voice feedback is the most preferred modality to the surveyed users.
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3.3.5 Qualitative Analysis
This study included 23 attitudinal questions about the user preferences
towards input and output interaction and modalities. Also, the study validated
the answers by asking them again in a di erent way. The survey used a 5-point
Likert scale that ranges from ’strongly agree’ to ’strongly disagree’. Table 3.17
illustrates our results for each question. The table shows the number of par-
ticipants who answered each question. The numbers were reported because
some participants did not answer all of the questions.
Table 3.17: Descriptive analysis for the survey attitudinal
questions. Modes are highlighted for each question.
Strongly
Agree
Agree Undecided Disagree Strongly
Dis-
agree
1. I would like
to use an assistive
orientation technology
(OAT) that can help
me to orient myself







14.3% (9) 0 0
2. I would like this








1.7% (1) 1.7% (1)
3. I would like
this OAT to alert me








3.6% (2) 3.6% (2)
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Table 3.17: Descriptive analysis for the survey attitudinal
questions. Modes are highlighted for each question.
Strongly
Agree
Agree Undecided Disagree Strongly
Dis-
agree
4. I would like
this OAT to alert
me about all obstacles
that I cannot detect





8.6% (5) 5.2% (3) 1.7% (1)
5. I would like this
OAT to notify me
about upcoming land-






8.8% (5) 1.8% (1) 3.5% (2)
6. I would like this
OAT to describe land-










7. I would like
this OAT to notify
me about landmarks
around me. For ex-
ample, when I’m walk-
ing towards the stairs
and there is an ele-
vator to my left, the
system would mention





3.4% (2) 1.7% (1) 0
8. I would like this








6.9% (4) 5.2% (3)
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Table 3.17: Descriptive analysis for the survey attitudinal
questions. Modes are highlighted for each question.
Strongly
Agree
Agree Undecided Disagree Strongly
Dis-
agree
9. I am comfortable
holding and using my
Smartphone function-
ally when I’m navi-











would be a good way







10.2% (6) 0 6.8% (4)
11. The vibration
would be an appropri-
ate medium to alert
me about upcoming










12. Voice would be
appropriate to display
information when I re-
quest it. For example,






1.7% (1) 0 1.7% (1)







13.8% (8) 3.4% (2) 3.45 (2)
105
Table 3.17: Descriptive analysis for the survey attitudinal
questions. Modes are highlighted for each question.
Strongly
Agree




would be fine by me.
Headphones are small













15. I prefer head-
phones that do not in-
terfere with my hear-









3.3% (2) 3.35 (2)
16. When using head-
phones, I prefer to be






1.7% (1) 0 0
17. For voice feed-
back, I prefer play-








18. If using speak-
ers, I prefer to be able






6.8% (4) 1.7% (1) 0
19. I would prefer the








3.4% (2) 1.7% (1)
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Table 3.17: Descriptive analysis for the survey attitudinal
questions. Modes are highlighted for each question.
Strongly
Agree
Agree Undecided Disagree Strongly
Dis-
agree
20. I would like
to request information
from the OAT us-











21. I would like
to request information






10.2% (6) 6.8% (4) 13.6%
(8)
22. I would use the








1.7% (1) 5.2% (3)
23. I would NOT
like the OAT to make












To analyze the qualitative feedback that was received from the partic-
ipants, the researcher used the grounded theory open coding method [88]. In
that method, researchers started by a higher level coding, then dive into each
code and decompose it into more meaningful sub-codes. The results of this
study had three code levels. A special software called Dedoose3 was used to
record and track the codes. As discussed before, there are three main codes:
3Dedoose software, http://www.dedoose.com/
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finding braille signs, information needs, and disorientation factors. Table 3.18
shows codes counts. Codes that are associated with zero count were not men-
tioned in the qualitative responses, however they were selected in close-ended
survey questions. They were provided here with the codes to give a coherency
to each code.
Table 3.18: Codes count.
ID Sub-code 2nd level
sub-code
1 Finding braille signs 41
1.1 Unavailable 12
1.2 Lack of consistent placement 15
1.3 Looking at the wrong side 6
1.4 Can’t reach it 2
1.4.1 Human barrier 1
1.4.2 Obstacle 1
1.5 I don’t need it 3
1.5.1 I don’t read braille 1
1.5.2 I seek human help 2
1.6 Looking higher or lower 3
2 Information needs 66
2.1 Staircases and elevators 12
2.2 Abstract building information 19
2.2.1 Number of floors 0
2.2.2 Shape of building 3
2.2.3 Floors description 3
2.2.4 Path description 4
2.3 Bathrooms (by gender) 1
2.4 Availability and location of reception desk 1
2.5 Exit location 3
2.6 Obstacles 12
2.6.1 Obstacles above user waist 9
2.6.2 Movable objects 3
2.7 Signs 1
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Table 3.18: Codes count.
ID Sub-code 2nd level
sub-code
2.8 Important landmarks (ref point and orienta-
tion aid)
11
2.9 Floor information (in detail) 6
3 Disorientation factors 61
3.1 Noise level 22
3.1.1 High noise 8
3.1.2 No noise 4
3.2 Activity level 15
3.2.1 High activity (busy floor) 5
3.2.2 No activity (silent floor) 2
3.3 Physical barrier 1
3.4 Unavailability of braille signs 0
3.5 Unavailability of human help 0
3.6 Lighting level 4
3.6.1 Very bright lights 3
3.6.2 Misleading landmark information 1
3.7 Human interference (in the discovery pro-
cess)
2
3.8 Lack of consistent building layout 1
3.9 Open space 9
3.9.1 Large 8
3.9.2 Empty 5
3.10 Lack of building/layout information 1
3.3.7 Conclusion
Orientation task for the blind visually impaired is a challenging pro-
cess in most indoor environments. This challenge increases in the unfamiliar
environments where individuals with visual impairments are not familiar with
the surrounding environment. In this study, we answered three research ques-
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tions that relate to the user needs and challenges in order to gain an enhanced
orientation in unfamiliar indoor open spaces. Participants expressed their
need to understand building context and position when in motion inside any
unfamiliar open areas. Also, they explained what type of information is re-
quired to enhance their independence and therefore enhance their orientation
in unfamiliar indoors. Finally, participants showed their preference towards
speech-based output modality when using OAT systems.
3.4 Chapter Conclusion
This chapter discussed three user studies that were conducted to learn
more about the domain of indoor travel for individuals with visual impairments
as well as formulating initial requirements for OAT systems. Participants
indicated their need to learn more about unfamiliar environments when they
travel through them using an assistive system. The results of this chapter will
be used as the basis for the initial system’s requirement. The next chapter
will review the analysis and modeling of the user and SA requirements.
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Chapter 4
Situation Awareness Requirements Analysis
As a part of this work, the researcher analyzed the gathered feedback
that was elicited through the three user studies (check the previous chapter)
to formulate initial SA requirements. SA requirements analysis requires a
deep understanding of the problem domain, which was provided by the afore-
mentioned user studies. This understanding helps in identifying the decision
making involved in the user tasks as well as the process. This chapter explains
the SA requirements analysis for the indoor orientation task.
The contribution of this chapter can be summarized as the conduction
of SA requirement analysis and modeling of the visually impaired individuals’
orientation in unfamiliar indoor open spaces. This chapter relates to the first
research question (RQ1) of this thesis.
4.1 Methodology
The approach that was used for the SA requirement analysis is based
on the method described by Endsley and Jones [26]. They recommend the use
of Goal-Directed Task Analysis (GDTA) as a method to elicit user’s knowl-
edge. This knowledge includes user goals, decisions, and information that is
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needed to support each goal and sub-goal. Crandall, et al. [19] describes GDTA
method as one of the ways to conduct Cognitive Task Analysis (CTA) that
allows the elicitation of user’s knowledge. In this study, while eliciting system
requirements, the researcher focused on the user goals when entering unfamil-
iar indoor environments. Goals were divided into sub-goals that make it easier
to identify the required information that supports them. In the approach de-
scribed here, the researcher defined user’s goals and sub-goals when entering
unfamiliar indoor environments, and associated each sub-goal with the cor-
responding information needed to achieve it. This analysis was performed in
parallel with the system requirements elicitation. While system requirements
define the needed requirements to build the system, SA requirements help in
knowing what information is needed by users for each goal and how important
each piece of information is when reaching each goal.
4.2 Situation Awareness Requirements
GDTA method was used to elaborate on each user goal and divided each
goal into sub-goals as needed. Also, the method helped the researcher to attach
each goal to the corresponding user decision as well as the required information
to make that decision. The information needs provided in the GDTA analysis
can be obtained either from an environment or from an assistive system. The
requirements analysis relied on the interviews data that was gained through the
previous user studies: the interviews with individuals with visual impairments
and the study with the O&M instructors.
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Figure 4.1: A high-level analysis of user’s goals that was conducted using
GDTA analysis.
SA requirements can help in forming design decisions as they show what
information can be presented to the user and when. Some systems can present
unneeded information in di erent situations, which might overwhelm the user.
When visiting an unfamiliar building, individuals with visual impairments have
a common goal of ”arriving to a desired destination in an unfamiliar indoor
environment safely.“ Using this goal, we elicited, and elaborated with users to
identify what are the sub-goals, and what information is needed to achieve
each. Figure 4.1 shows a high-level elaboration of user goals when entering
unfamiliar indoor environments.
4.2.1 User’s Initial Mental Map
Building user’s mental map at the beginning of orientation tasks in any
unfamiliar buildings is crucial to user’s performance and safety. Visually im-
paired users use their prior knowledge such as descriptive information about
the environment to build an initial mental map about the environment. Prior
knowledge, however, is not enough for visually impaired users to formulate
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a good mental map and be able to orient themselves in such environments.
Through the interview’s elaboration, the researcher explored with the users
and instructors di erent scenarios when a visually impaired user enters an
unfamiliar indoor environment. Using the gathered data, the researcher con-
ducted an in-depth GDTA analysis that presents what information is needed
to assist visually impaired user’s initial mental map when entering unfamil-
iar indoor environments. Figure 4.2 shows a brief view of goal (1) analysis.
Note that the provided sub-goals are not ordered. Figure 4.5 shows the SA
requirement blocks that explain each of the information needs.
Determining and understanding the surrounding important landmarks
(goal 1.1) are so crucial as they help visually impaired users to visualize the
surrounding environment and make their travel decisions based on the avail-
ability of landmarks. This thesis described what are the important landmarks
earlier in the previous chapter.
One of the goals that help visually impaired users to maintain a good
initial mental map of the environment is the sense of direction (goal 1.2). Users
need to know their direction, as they need to maintain their understanding of
the changes in their direction when they travel in indoor environments. This is
an important step, as they need to reverse the order of the previous directions
to know their way back when exiting the building or any part of it.
As visually impaired users need to travel through unfamiliar indoor
environments, they need to plan their path (goal 1.3). To plan their path,
users need to employ their prior knowledge of the environment and decide the
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Figure 4.2: A Goal-Directed Task Analysis for goal number (1).
easiest path to follow. Planning user’s path, however, needs environmental
information such as what landmarks are available in the environment and
where they are located. Depending on the environmental information available
to the user, a user can plan an initial path to follow when traveling.
4.2.2 User’s Orientation
The second core sub-goal of visually impaired user’s goals when entering
unfamiliar indoor environments is to maintain a high orientation. This is an
important goal, as users need to be able to change their path due to any
changes in the environment. Using the interviews’ data, the researcher divided
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this goal into three sub-goals. Figure 4.3 illustrates our GDTA analysis for
”maintaining a high orientation“ goal. Figure 4.5 shows SA requirement blocks
of information needs listed here.
The previous section mentioned the importance of the initial direction’s
understanding for the individuals with visual impairments. This is extended
here to understand the direction that a user is facing when traveling indoors
(goal 2.1). This goal is important, as a user need to maintain a relational path
of the environment in order to be able to travel back and exit the building or
any part of it.
While a user is traveling through an unfamiliar indoor environment, the
initial user’s mental map might not be enough. A user needs to maintain and
update the initial mental map in order to travel e ciently. Goal 2.2 illustrates
the user desire to understand the environment in a continuous manner. This
means that a user needs to acquire information about landmarks’ locations,
in addition to understanding where the previous landmarks are that a user
passed by, and to predict what landmarks will be in the user’s way.
Although visually impaired users need to maintain their path planning
when traveling in unfamiliar indoor environments, they also need to maintain
their safety. Detecting obstacles in the user’s way (goal 2.3) is an important
goal to maintain a safe orientation. Users need to be able to identify obstacles
on their way using their assistive tools.
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Figure 4.3: A Goal-Directed Task Analysis for goal number (2).
4.2.3 User’s Mobility
While orientation is an important factor in the user’s travel in unfa-
miliar indoor environments, maintaining that orientation when traveling is yet
another goal that visually impaired users need to maintain. Figure 4.4 shows
the conducted GDTA for goal 3: ”maintain a good mobility.“ Figure 4.5 shows
the SA requirement blocks that can explain each of user’s information needs.
Users need to avoid anything that may a ect their indoor travel such
as dead-ends. Goal 3.1 illustrates users’ desire to avoid any dead-end paths.
Information about a path, such as environmental cues, obstacles that cannot
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Figure 4.4: A Goal-Directed Task Analysis for goal number (3).
be traveled around and closed doors, can provide an indicator to the visually
impaired user to change the travel path immediately.
Adjusting to environmental changes is another crucial user’s goal (goal
3.2) that a visually impaired user needs to maintain. Pedestrian tra c, for
example, can lead users to decide changing their path when traveling.
As mentioned before, users need to be able to detect obstacles when
they are traveling unfamiliar indoor environments. However, this is not enough
to maintain user’s safety. Avoiding obstacles is another safety goal (goal 3.3)
when a user is in motion. This goal helps in maintaining user’s safety as well
as knowing obstacles in the user’s way.
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Figure 4.5: SA requirements blocks.
4.3 Conclusion
This chapter discussed the conducted SA requirements analysis and
modeling for OAT systems. The aim of such requirements is to help other
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researchers who work in the field to provide an insight into the requirements
that can help in raising user’s SA. Also, these requirements helped this work
as the basis for the development of in-task SA probes (SAGAT) that target the
task of indoor orientation and facilitate user’s SA under three SA levels. The





The goal of this design is to test and study the use of situation aware-
ness (SA) metrics in the evaluation of orientation assistive technologies (OAT)
that aid blind individuals in unfamiliar indoor environments. The current
evaluation methods of OAT, such as wayfinding systems, use only success in-
dicators of the orientation tasks. Time, number of errors, and completing
tasks are considered as common metrics to measure success. In the previous
user studies (see Chapter 3), the researcher elicited the need to enhance users’
mental map of unfamiliar indoor environments for the purpose of visiting them
in the future. While success metrics provide a great way to measure a user’s
success, they do not provide details about a user’s mental map and the process
of acquiring environmental knowledge. This work propose to incorporate SA
metrics, in addition to the current success metrics, to enhance the evaluation
of OAT systems to maximize users’ SA in unfamiliar indoor environments.
5.1 Contribution
The contributions for the work in this chapter can be summarized as
the following:
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1. Developing an objective method to determine levels of situational aware-
ness among individuals who are blind using the novel applications of on-
line SA-query: SA Global Assessment Technique (SAGAT) and SA post
tests, such as SA Rating Technique (SART), to measure blind partici-
pant’s SA after the indoor orientation tasks.
2. Studying and reporting the relation between blind user’s SA and the
user’s performance when orienting in unfamiliar indoor environments.
3. Studying and reporting the relation between blind user’s SA and the
users’ confidence level when orienting in unfamiliar indoor environments.
4. Studying and reporting the relation between blind user’s SA and the
users’ stress level when orienting in unfamiliar indoor environments.
5. Studying and reporting the relation between blind user’s SA and the
users’ satisfaction level when orienting in unfamiliar indoor environ-
ments.
5.2 Research Questions
The previous part of this thesis discussed and answered the first re-
search question (RQ1). The experimental work explained here aims to answer
the following research questions:
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RQ2
Do SA measures: SAGAT and SART show higher scores for blind indi-
viduals who use the OAT system as opposed to individuals who do not?
RQ3
During orientation in unfamiliar indoor environments, do measures of
the blind individual’s SA: SAGAT and SART correlate with the orienta-
tion performance?
RQ4
During orientation in unfamiliar indoor environments, do measures of
the blind individual’s SA: SAGAT and SART correlate with the satisfac-
tion, stress, and confidence levels?
5.3 Hypotheses
The experiment tests the following hypotheses, which are derived from
the aforementioned research questions:
H2-1
SAGAT scores are higher for blind individuals who use the OAT system
as opposed to individuals who do not.
1. Users of the OAT system have higher overall SAGAT scores as
opposed to participants who do not
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2. The perception of relevant environmental information (SAGAT level
1) of OAT system’s users is improved compared to participants
who do not use the system
3. The comprehension of relevant environmental information (SAGAT
level 2) of OAT system’s users is improved compared to partici-
pants who do not use the system
4. The projection of relevant environmental information (SAGAT level
3) of OAT system’s users is improved compared to participants
who do not use the system
H2-2
SART scores are higher for blind individuals who use the OAT system
as opposed to individuals who do not.
1. SART total scores are higher for blind individuals who use the
OAT system as opposed to individuals who do not.
2. SART-Understanding scores are higher for blind individuals who
use the OAT system as opposed to individuals who do not
H3
Blind individuals’ orientation performance positively correlates with their
overall situation awareness score.
1. Path e ciency (baseline travel distance/ actual travel distance)
correlates positively with the user’s:
124
(a) SART score
(b) Understanding component of SART score
(c) SAGAT overall score for all SA levels
(d) SAGAT level 1, 2 and 3
2. Time e ciency (baseline travel time/ actual travel time) positively
correlates with the user’s:
(a) SART score
(b) Understanding component of SART score
(c) SAGAT overall score for all SA levels
(d) SAGAT level 1, 2 and 3
3. Number of errors (wrong turns) negatively correlates with the
user’s:
(a) SART score
(b) Understanding component of SART score
(c) SAGAT overall score for all SA levels
(d) SAGAT level 1, 2 and 3
4. Number of help requests negatively correlates with the user’s:
(a) SART score
(b) Understanding component of SART score
(c) SAGAT overall score for all SA levels
(d) SAGAT level 1, 2 and 3
125
H4-1
The user’s satisfaction level positively correlates with his/her SA
(SART and SAGAT)
H4-2
The user’s task confidence level positively correlates with his/her SA
level (SART and SAGAT)
H4-3
The user’s task stress level negatively correlates with his/her SA level
(SART and SAGAT)
5.4 Experiment Design
The researcher conducted a within-subjects design [61] where all par-
ticipants traveled using their canes in addition to the designed system as well
as traveling only using their canes.
5.5 Counterbalancing
The researcher randomly selected the order of the layouts and experi-
mental conditions (with and without the system). There were two layouts and
two mirrored layouts. The researcher randomly selected the order of layouts
while making sure about one constraint. Participants need to travel in each
layout or its mirror one time using the system and another without the sys-
tem. Table 5.1 illustrates the schedule used for the test. In the table, layouts
126
organized as: A, B, C, and D. Layout B is a mirrored version of A, while layout
D is a mirrored version of C.
Table 5.1: Participants’ schedule.
ID First scenario Second scenario Third scenario Fourth scenario
P1 A/ No System C/ No System D/System B/System
P2 B/No System C/System D/No System A/System
P3 A/No System C/System B/System D/No System
P4 B/No system D/No System C/System A/System
P5 B/System A/No System D/System C/No system
P6 D/System B/System A/No System C/No System
P7 A/System D/No System C/System B/No system
P8 A/System B/No system D/System C/No system
P9 C/System D/No system A/No system B/System
P10 B/No system A/System C/No system D/System
5.6 Experiment Baseline (ground truth)
According to Marston and Bentzen [63], it’s very important to establish
a baseline that can be compared to participants’ performance in the experi-
ment. With this in mind, the researcher measured participants’ performance
and SA. For the performance, the baseline was set on the average travel time
and distance that each participant performed without the use of the system.
Performance metrics will be explained in detail in the next sections. SAGAT
questions were compared to the correct answers from the environment.
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5.7 Training Process
The training process took place before conducting the evaluation. Ev-
ery participant was asked to complete an orientation session that explains the
system and how to interact with it. Each session took between 5-10 minutes;
however, the researcher explained and answered any questions that were asked.
The researcher explained to the participants that he needed to be around the
user during the experiment for observational purposes. The training process
followed this order:
1. Presenting the system’s navigational commands and the prompts about
any nearby landmarks
2. Presenting examples of the custom elevator cues
3. Learning and experiencing landmarks
5.7.1 OAT System Training
The first part of the training process was the OAT system training,
which was performed in an isolated area from the test area. In the training,
the researcher presented the OAT system. Each participant wore the bone
conduction headphone and wore the mobile clip on his/her waist. Then the
researcher played a set of navigation prompts as an example of what would
each participant expect to hear from the system. Each participant adjusted
the headphone volume level to his or her personal preference. The researcher
played a set of navigational prompts and allowed each participant to ask any
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clarification questions. Then, the researcher previewed to the participant a
set of landmark’s contextual information that included examples of landmarks
and availability status. Each participant was informed when the OAT system
will inform him/her about any nearby landmark. Each participant was given
the liberty to ask any clarification questions.
5.7.2 The Elevator Cues Training
The second part of the training process was training on the elevator
cues. The training was conducted in an isolated area di erent than the test
area. The researcher presented the elevator cues to each participant. The
elevator cues were played on the same wireless speaker that was used during the
experiment. The researcher explained the elevator movement and current state
when hearing the cues. Participants were probed to see if they understood the
presented cues. Also, participants were informed that they would be asked to
project the current state of the elevator during the experiment.
The elevator simulation was tested during the pilot studies. Also, the
simulation was explored with a certified O&M instructor. In the training
session, the researcher asked each participant to hear the simulated auditory
cues and answer a set of probes that relates to his/her understanding of the




The third part of the training process was the landmarks’ training.
This training was performed in a di erent space than the experiment space.
The researcher presented examples of the landmarks to the participants. Each
participant used his/her cane to detect landmarks. For landmarks’ signs, par-
ticipants used their hands when encountering a landmark to touch the sign.
Also, participants received training on the used locks to learn the di erence
between open and closed locks. Each landmark sign was explained to the par-
ticipants. Also, participants were asked to confirm the signs as well as locks
and their meaning. The participants were informed that in case they forget
any landmark within the experiment, they could recall the sign of each spe-
cific landmark in their probes’ answers. At the end of the training session, the
participants were explained the type of information that would be expected to
be asked through SAGAT probes.
5.8 Performance Metrics
As mentioned before, the experiment intended to measure two factors:
SA and performance. To measure participants’ performance, the researcher
used the performance metrics that are shown in Table 5.2. Time to perform
each task is one of the main measurements that infer the performance. Travel
distance, participants’ errors and number of help requests were used as well to
help in recording participants’ performance.
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Table 5.2: Performance metrics, which were used to record participants’ per-
formance.
Metric Meaning Method
Time Time to perform each task A stopwatch
Distance A distance traversed by partici-




How many times a participant
took a path that does not lead
to the goal. In such case, the re-
searcher will stop the participant
and inform them of their wrong
path and ask him/her to return.




How many times a participant re-
quested help.
A pencil and paper
5.9 User Satisfaction Metrics
In the experiment, the researcher measured user satisfaction with three
metrics that infer user’s attitude towards the task: stress, confidence, and sat-
isfaction levels. Metrics were self-reported by participants after each scenario.
A 7-level Likert scale was used to capture user attitude towards each metric.
5.10 Situation Awareness Metrics
To better assess participants’ understanding of the environment, they
were asked to assess the environment and their spatial understanding. Par-
ticipants’ SA was assessed in two stages: in the middle and after finishing
each task. In the middle of the travel tasks, in a pre-defined spot, each par-
ticipant was asked to pause and answer a set of SAGAT [31] probes that
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examine his/her knowledge of the surrounding landmarks. After finishing the
probes, a participant was asked to resume his/her travel task. Once a partici-
pant finished his/her task, the researcher presented the second SAGAT probe
set. Once SAGAT probes were answered, the researcher took the participant
somewhere to rest and completed the SART questionnaire [79].
This work blended the use of SAGAT and SART measures to capture
participants’ SA. Using two measures allowed this work to compare their re-
sults. This comparison helped in validating user’s SA. Table 5.3 shows the
order of SA questionnaires that were conducted in each scenario.
Table 5.3: SA questionnaires order in each scenario.
No. When Measure
1 Middle (after reaching first goal) SAGAT
2 After reaching final goal SAGAT
3 After reaching final goal SART
5.10.1 Situation Awareness Global Assessment Technique (SAGAT)
In this work, the researcher used the SAGAT method by verbally pre-
senting probes to the participants. In the middle of each scenario, the re-
searcher asked participants to answer a set of SAGAT probes. The stopwatch
was paused during these probes. For answers that required analysis such as
distance and elevator state, the researcher wrote them down for later analysis.
For all other questions, the researcher assigned their scores immediately. Af-
ter answering the first SAGAT set, participants were asked to continue their
travel tasks. When they arrived at their final goal, the researcher presented to
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them the second SAGAT set. Finally, each participant rested on a chair and
answered the SART questionnaire as well as the satisfaction levels.
In SAGAT analysis, each question was assigned with a binary score.
Zero for wrong answers and one for correct ones. For direction-based ques-
tions that require the participants to point out landmarks, participants were
required to provide a clock-based position of the landmark. This work allowed
an error margin of +/-2 clock hours. Table 5.4 illustrates the SAGAT probes
with their corresponding levels.
5.10.2 SAGAT Probes
Depending on the necessary information needed to develop the blind
users’ SA, the researcher developed a set of SAGAT probes to measure each
level. The following list corresponds to the SA levels and the information
required to maintain them:
1. SA1: knowledge of a landmark’s existence and current state
2. SA2: knowledge of a landmark’s location and distance
3. SA3: knowledge of an elevator’s current state
All of the probes that relate to the above levels were asked after a par-
ticipant learned or experienced each landmark. This means that participants
were asked about landmarks that are involved in their travel tasks. The OAT
system developed in this work is assumed to support SA levels: 1 and 2. SA
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level 3 (projection) was assessed using environmental auditory cues that indi-
cates the current state of an elevator. The cues were played in all scenarios
when a participant is nearby the elevator.
This work used a similar implementation of Sheik-Nainar’s work [87].
He developed SAGAT probes to help identify SA levels of participants in
locomotion short travel tasks. Also, he used fixed stops at certain points
during each task and used pre-defined SAGAT probes for all participants.
Due to the short nature of the experimental tasks, the researcher decided to
adopt and follow this method. All the participants were presented with the
same probes in each scenario. The developed SAGAT probes can be found in
Table 5.4.
Table 5.4: SAGAT Probes.
Level Probe Scoring Tech-
nique
SA1 Name all the landmarks that were












SA2 In feet, how far do you think the afore-
mentioned landmarks are?
+/- 20% error
SA3 Where do you think the elevator is right
now?
• In the upper floors




Table 5.4: SAGAT Probes.
Level Probe Scoring Tech-
nique
SA3 What do you think the current direc-





SA3 State when do you think the elevator
will be available again.
• In a while
• Soon
• It should be available now
• Not sure
Correct choice
5.10.3 Situation Awareness Rating Technique (SART)
SART is a post SA self-reporting method to capture participants’ SA.
Using a standardized questionnaire, participants were asked to subjectively
rate themselves on a 10-dimensional questionnaire. After finishing each sce-
nario, the researcher verbally asked the participants to rate their travel ex-
perience using the SART questionnaire. Answers were recorded on a printed
sheet.
Through the pilot studies, the researcher rephrased SART questionnaire
to make it easier for the participants. Table 5.5 shows the SART questionnaire
along with the paraphrased question set.
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Table 5.5: SART questionnaire.






The situation was highly unstable.
Variability of
situation








Arousal I was ready and alert for the task.
Spare mental
capacity
I had to use much of my mental capacity during
the task.
Concentration I had to concentrate on many aspects of the
situation while performing the task.
Division of
attention





I gained much information that contributed to
my knowledge about the situation.
Information
quality





My familiarity with the situation was high.
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5.11 Data Points
The SAGAT probes involved in this work used 28 probe points that
determine all SA level. This work used 13 points to determine the perception
level (SA level 1). For the comprehension level (SA level 2), this work used 12
probe points. For the projection level (SA level 3), the work used three points
that examine participants’ ability to predict the state of an elevator.
The SART method was conducted once after each scenario. As ex-
plained earlier, SART method has 10 dimensions where each has a 7-level
Likert scale. Each participant answered the SART questionnaire once after
each scenario.
The user satisfaction metrics used in this work are: user-satisfaction,
stress, and confidence levels. These metrics were collected once after each
scenario. Each metric was reported using a 7-level Likert scale.
5.12 Protocol
The researcher kept track of the environment during the experiment
to make sure about the consistency. The experimental measures that were
recorded are shown in Table 5.6. Verbal protocol [19] was used to capture task
and behavioral details. A helper assisted the researcher while conducing the
experimental work. Table 5.12 illustrates a breakdown of the test tasks and
each responsible party.
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Each participant performed four travel scenarios: two using a white
cane and the OAT system and another two using only a white cane. Prior
to participation, each participant received a full explanation of the experi-
ment and expectations and they were given the liberty to accept or reject the
consent form. Participants were asked to raise their hands in case they were
unable to perform the task and/or need any help. Prompts were given to
them to complete each task. There were two goal landmarks in every scenario.
Participants were given instruction to find the first goal landmark, then after
reaching the goal landmark, they were asked to find the second landmark.
For each goal landmark, participants were given three minutes to find it, af-
ter three minutes, the researcher intervened the task and presented participant
with directional prompts to goal landmark. Each prompt was counted towards
the help requests. As it was indicated in the training session, the researcher
followed all the participant in the same way to control the system feedback
and to provide them with any needed assistance. The following mechanism
was consistent among all participants. The following steps show the process
which was followed during the experiment with each participant:
1. Fill in pre-test questionnaire
2. Read and sign a consent form
3. Receive the system training
4. Receive the landmarks training
138
5. Receive the scenario instructions
6. Start the scenario
7. pause the scenario
8. Response to SAGAT first questionnaire
9. Complete the scenario to the end
10. Response to SAGAT second questionnaire
11. Response to User-satisfaction questionnaire
12. Response to SART questionnaire
Table 5.6: Recording experimental measures.
No. Measure Recording method
1 Time Stop watch
2 Distance A measuring wheel of the
recorded path
3 Number of errors Pencil and paper
4 Number of help requests Pencil and paper
5 SAGAT Question asked verbally, answers
will be recorded on a sheet
6 User satisfaction and SART Question asked verbally, answers
will be recorded on a sheet
7 Verbal protocol Participants asked to think aloud
and say what they are doing and
thinking when performing tasks
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Table 5.7: A list of the test tasks divided between the researcher and a helper.
No. Task Responsible person
1.
• Welcoming each participant
• Signing the consent form
• Conducting the pre-test questionnaire
• Conducting the training session
Researcher
2.
• Preparing the environment
• Playing the elevator feedback
• Recording participant’s metrics
Helper
3.
• Giving tasks instructions
• Displaying the system feedback
Researcher
4. Asking SAGAT probes Researcher
5. Playing second goal’s ambient sound Helper
6. Asking second SAGAT probes, SART, and user
satisfaction questions
Researcher
7. Changing layout Helper
8. Conducting the post-test questionnaire Researcher
5.13 Recruiting and User Profile
Participants were recruited through the Rochester’s Association for the
Blind and Visually Impaired (ABVI): a local agency that provides services to
blind individuals. The required IRB approvals were obtained. Depending on
the previous user studies (see Chapter 3), the user criteria was narrowed to
target totally blind individuals. Total blindness is defined by the American
Foundation for the Blind as the “inability to see anything with either eye [38].”
The reason behind this decision is the functional vision di erences between
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individuals with visual impairments. This makes the comparison harder. The
participants’ selection criteria are:
• A totally blind adult
• No prior knowledge of the test environment
• Cane traveler
• Has no other associated impairments such as mobility or cognitive im-
pairment
Participants were given a small questionnaire that elicited their demo-
graphics. Table 5.8 shows the questionnaire, which helped the researcher to
determined certain aspects about each participant.
5.14 Study Limitations
The work discussed in this thesis was performed in a controlled envi-
ronment. This work did not introduce the factor of moving obstacles due to
safety reasons. In real life scenarios, open indoor environments sometimes are
associated with high noise and tra c levels. Controlling such factors in order
to conduct an experimental study is quite di cult, and it is likely that a larger
number of participants may be necessary, given the inherent variability of such
OAT usage scenarios.
The use of an in-task evaluation method (SAGAT) may a ect partici-
pants’ chain-of-thoughts. This work suggests further investigation towards the
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3 Have you received O & M training? (Yes/No)
4 If yes, when did you receive your O & M training?
5 Have you had sight before?
6 If ‘yes’, please indicate details.
7 How much residual vision do you have? Please, give details.





9 Rate your travel skills indoors (1 poor - 7 excellent)
10 How frequent do you travel independently in unfamiliar indoor lo-
cations? That is without a human guide.
11 Do you own smartphone? (a) Yes, (b) No
12 If ‘yes’, please indicate the brand of your smartphone.
e ect of the SAGAT stops on the user’s performance. Also, this work used
three probes to assess the SA3 level (projection level) of an elevator current
state.
5.15 Environment Setup
The landmarks included in this experiment were: elevator, bathroom,
o ce, reception desk, and drinking fountain. Each landmark in the space was
presented using a distinct object. For instance, o ce, stairs and bathrooms
are behind doors. For every door, a cardboard was placed on the floor to
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indicate that there is a door beside the participant. To identify what each
door means, a participant needs to touch the box on his/her side and check
the sign that represents the landmark. Also, the subject can check the lock
underneath the sign to check if the door is open. The signs and locks are 36
inches above the floor (see figure 5.1). This made it easier to the participants
to identify each landmark. The reception was represented using a chair. For
the drinking fountain, a big water bottle was used. The empty bottle indicates
that the fountain is unavailable. The full bottle indicates that it is available.
the elevator was simulated using a box that had a wireless speaker inside it.
The wireless speaker was connected to the elevator prototype.
5.16 Environment Layout
As mentioned before, two layouts were developed for the test. Partici-
pants traveled through each layout twice. A learning e ect was expected due
to participants’ experience with layouts. To eliminate that, each layout was
mirrored while changing the non-goal landmarks’ locations. Mirroring layouts
preserved the travel distance and level of di culty of the environment. Also,
it kept the environment consistent with the original layout. The elevator was
placed in a central place that allowed the participants to hear it at least twice.
Figures 5.2,5.3,5.4.5.5 present the used layouts. Layout B is a mirrored version
of A, while layout D is mirrored from C. Layouts area is 31” 3’ by 36” 2’. The
paths on the aforementioned figures are suggested paths to reach each user
goal.
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Figure 5.1: An example of the landmarks is the o ce, which is represented
by a number and a lock underneath that represents its availability.
Layout A and B consisted of 21 boxes while C and D of 22 boxes. The
boxes count excludes the number of boxes required to form the surrounding
walls. Each layout contained seven landmarks. In all the designs, participants
were asked to search for an o ce, then for a reception desk. Additionally, all
participants heard elevator cues at least twice before being stopped to answer
SAGAT probes. The researcher and the helper marked the room walls with
landmarks’ and layouts’ information. This made it easier to move from one
design to another. Also, they marked the floor for the landmark’s system
prompts to have consistency over all participants. Figure 5.6 shows a sample
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Figure 5.2: Layout A design.
of the marks that were placed on the walls to indicate landmarks positions for
every layout.
5.16.1 Elevator Feedback
The researcher explored the elevator cues with a 55-year old blind O&M
instructor. The researcher displayed two prototypes to the instructor. The first
prototype increases the frequency when the elevator is moving up while de-
creasing its volume. The second prototype increases the frequency and pitch
when the elevator is moving up while decreasing the volume. The O&M in-
structor favored the second prototype, which has increases in the tone pitch.
Both prototypes were tested in the pilot studies. The researcher concluded
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Figure 5.3: Layout B (mirrored from layout A).
Figure 5.4: Layout C.
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Figure 5.5: Layout D (mirrored from layout C).
Figure 5.6: An Example of the signs mounted on the wall to indicate layouts
placements.
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Figure 5.7: Elevator cues simulator prototype.
that the second prototype was better. Thus, the final experiment used the
second prototype. Figure 5.7 shows the developed elevator cues simulator
that allowed the experimenter to indicate the number of floors in a building
and how long will it take the elevator to travel from a floor to another. The
prototype was used to play the elevator cues during the experiment. The infor-
mation presented on the prototype was used to determine the correct answers
for the elevator’s SAGAT probes.
5.17 OAT System Design
The researcher designed a mobile-based OAT system. The designed
OAT system is a hands-free device that does not require users to hold their
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device in their hand. The system output is a speech-based output that relies
on a text-to-speech engine. The system provides a turn-by-turn guidance to
the user’s destination. Also, it provides the user with contextual information
about the nearby landmarks in proximity of 5 feet. The guidance instructions
are similar to Ondřej, et al work [73], where they validated a set of voice
navigational commands to be used in an indoor navigation system dedicated
to the blind users. Orientation and environmental (contextual) information
followed a similar way of Ran et al. work [76] where they provided users with
their head direction and landmarks available in the environment and their
locations. The rest of this section will provide some important system design
in detail with focus on the design decisions rationale.
5.17.1 User Localization
Localization is locating and tracking user location and orientation [36].
The fact that the Geographical Positioning System (GPS) does not work in-
doors, provides motivation for this research problem [76]. blind users need to
know their exact location when they enter an unfamiliar building. In addition,
an orientation system needs to keep track of the user’s movement and relate
that to the nearest important landmarks. With indoor orientation systems,
researchers proposed many localization techniques [36] such as: wireless and
cell-tower triangulation [13, 94] feature-based visualization [44, 50], beacon-
based localization [18,21,48,60,94], and dead-reckoning [11,59].
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While research is still investigating how to improve the localization
process, the current solutions are hard to be adopted with open indoor spaces
particularly if the environment is changing constantly. Since this study focus
was not towards the localization problem, the researcher simulated the local-
ization process using the Wizard-of-Oz method [20]. Using this method, the
researcher controlled the system’s feedback presented to the user without the
user’s knowledge during the experiment.
5.17.2 System Feedback
The system used in this study provides orientation aid to blind indi-
viduals in unfamiliar indoors. The system is a mobile-based ‘Wizard of Oz’
that provides guidance and contextual information about landmarks in the
environment. The system provided the user with the following:
• List of all landmarks in the space
• Guidance to the goal landmark
• Contextual information (name and status of any nearby landmark) in
proximity of 5 feet around the user
When starting each scenario using the designed OAT system, the sys-
tem would list all landmarks that are available in the environment. Then,
they user would hear turn-by-turn instructions to the landmark’s goal. Dur-
ing the user travel, the system would alert the user about any nearby landmark
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that existed around him/her. For example, if the user is walking and there
was an available bathroom to his/her right, then the system would prompt:
”bathroom is available on right.”
5.17.3 System Components
The system is a mobile-based application, which integrates with a spe-
cial headset that helps in keeping users’ ears free from obstruction. Figure 5.8
illustrates the system components:
1. The user’s iPhone: runs the orientation application
2. The researcher’s iPhone: allows the ’Wizard’ to control the feedback
3. A headset: a bone-conduction headset
4. A wireless router that connects both smartphones on the same network.
The system consists of two iPhone devices. The user uses the first
iPhone, while the ’Wizard’ use the second iPhone. On the user side, the system
is a hands-free system and is connected to the user’s ears with bone-conduction
headphones. The headphones can protect user’s ears from obstruction. This
allows the user to be able to pay attention to the auditory cues around him/her.
Figure 5.8 shows an abstract view of the prototype described. Both devices can
be connected either through a wireless router, or through a direct Bluetooth
connection. For this experiment, the researcher used the the wireless option.
151
Figure 5.8: System components.
The wireless router option can provide a wider coverage range as opposed to
the Bluetooth connection.
5.17.4 System Architecture
As mentioned before, this work used the “Wizard-of-Oz” method to
deliver the system feedback to the users. The development platform for the
OAT was Apple’s iOS with two connected iPhones. The prototype has the
ability to connect two phones over wireless networks as well as Bluetooth. The
“wizard” had a control panel (see Figure 5.11) that pushes the text-to-speech
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feedback to the user’s phone. Figure 5.10, 5.11, 5.12 illustrate annotated screen
shots that were taken from the prototype.
The OAT prototype was developed using Objective-C on iOS platform
and runs on iPhone devices. The prototype is compatible with iOS devices
that run iOS 8.2. The reason the iOS platform was chosen due to the fact
that most of the work previous studies participants were using iPhone devices.
Using a similar platform can provide a closer step to the real world system.
Also, it can help the users to learn the system faster.
The communication component in the prototype employs Multipeer
connectivity framework. The wireless and Bluetooth connectivity code is a
customized version of a code provided by Appcoda website [92]. Using the
code, the researcher built another layer where a wizard can provide a set of
orientation and navigational commands to the user. Also, the researcher added
the text-to-speech capability to the app on the user side.
The used architecture of the system employes a Model-View-Control
(MVC) pattern. Figure 5.9 shows the system architecture diagram for the
designed OAT. As mentioned before, the system requires two phones. When
the system starts, both phones need to be connected using the connectivity
tab. Once the connection is established, one phone needs to choose the sender’s
mode, while the second needs to select the receiver mode. Sender and receiver
modes’ source code can be found in appendix H. Through the connection,
the wizard can push the navigational and contextual information to the user
on the other end. When a command is sent, the sender’s mode send the
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Figure 5.9: System architecture diagram for the designed OAT.
command through the Multipeer connectivity protocol, which implicitly sends
the commands to the receiver’s mode on the other end.
5.18 User Experience with the Application of SA Met-
rics
Studying the experience of participants is a valuable part that carried
some lessons learned of the application of SA metrics during indoor orientation
tasks. The researcher conduct a 10 minute semi-structured interview with each
participant after completing the travel scenarios. The interview questions can
be found in the Table 5.9.
This interview focused on the aspect associated with SAGAT and SART
evaluations. This allowed the researcher to qualitatively understand the user
experience with the application of SA measures in OAT tasks. Also, it helped
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Figure 5.10: The wireless connectivity tab.
the researcher to propose an enhanced version of the probes depending on the
feedback provided from users.
5.19 First pilot study
The first pilot test was conducted to check the feasibility of the experi-
mental logistics, the applicability of the metrics, and the ability to change the
layout seamlessly. The pilot study was conducted with a blindfolded 22-year-
old male college student. The complete test took about 1 hour and 21 minutes.
The participant was able to detect doors and identify the type and status of
155
Figure 5.11: The “wizard” control panel.
Figure 5.12: The receiver-mode tab.
each landmark. Distance was not measured due to a technical problem on
recording the participant’s path. Table 5.10 shows the recorded performance
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Table 5.9: User’s experience post questionnaire.
Participant ID:
1. How easy were the questions asked within the experiment (SAGAT)?
2. Were the questions during the test understandable (SAGAT)?
3. Were the questions after the test understandable (SART)?
4. To what extend were you able to regain your mental map after each stop
(1 extremely hard - 7 extremely easy)
5. Explain your experience of regaining your chain of thoughts after each
stop.
6. Stops and questions a ected my awareness of the environment. (1-7)
7. I would perform better without being stopped when traveling tasks. (1-7)
8. The probes required me to remember things in the environment that I
don’t pay attention to otherwise. (1-7)
9. How easy was it for you to estimate landmark’s distance? (1-7)
10. How easy was it for you to estimate landmark’s location? (1-7)
11. Explain your experience of remembering landmark’s distance and loca-
tions. Where there any issues with that process?
12. How easy was it to pay attention to landmark’s that changes their state
when traveling to your goals? Can you explain any issues associated with
this?
13. Did the status feedback from landmark have had any a ect of your
attention to the environment? Explain.
14. Did stops duration allow you to maintain your mental map? Explain.
15. If you were to suggest a proper stop time and duration, what would be a
reasonable stop time that will allow you to maintain your chain of thoughts?
16. Any other concerns that you want to share about your experience?
Please state them.
metrics in the first pilot study, while table 5.11 shows the SA and user satis-
faction results.
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Table 5.10: Performance scores in the first pilot.
Scenario Time Distance Help requests # Errors
A - System 4:51 - 0 0
C - No system 5:00 - 2 2
B - No system 4:41 - 4 1
D - System 2:09 - 0 0
Table 5.11: SA and satisfaction scores in the first pilot.
Scenario SA 1 SA 2 SA 3 Confidence Satisfaction Stress
A - System 1 0.70 1 6 6 4
C - No system 0.06 0.25 0.33 3 2 7
B - No system 0.19 0.13 0.66 2 1 6
D - System 0.88 0.66 0.66 7 7 2
5.19.1 Lessons Learned
The researcher has encountered a number of issues during the first pilot.
The following list discusses each issue briefly:
• The training session script needs to include a checklist for the details
of the environment and system features that need to be included in the
training.
• One problem that was encountered during the pilot test was for the ‘wiz-
ard’ to quickly know the orientation of each landmark. For each layout,
experiment administrators need to have a map that includes landmark’s
status and orientation.
• SART questionnaire was hard for the participant to understand. SART
questionnaire needs to be simplified and rewritten in a short concise way
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to be understood by the participants. The SART questionnaire provided
in this chapters was the final version that was used.
• SAGAT probes can be grouped to reflect the ground truth data for each
probe. Including the name of landmarks in each scenario and their cur-
rent state would help to minimize the stop time and will help the re-
searcher to check the correct answers.
• The ‘wizard’ needs to have a map in hand that contains each layout’s
suggested path with a series of commands. This will make the delivery
of system commands more seamless.
• When a participant raises his/her hand, the administrator needs to ap-
proach the subject and answer. Talking from a distance may reveal
information about the environment.
5.20 Second Pilot Study
After reflecting the suggested changes that were drawn from the first
pilot, the researcher conducted a second pilot study with three blindfolded
individuals (2 females). None of the participants notice the similarity of the
used layouts. The average time to switch between layouts was 4:55 minutes.
This average is acceptable knowing that each participant will be answering
SART questionnaire during that time. Table 5.13 shows the order in which
each of the participants performed the test.
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The researcher performed the training sessions, system feedback, SAGAT,
SART, and user satisfaction questionnaire. The helper took care of other tasks
including layouts switching. Table 5.12 below illustrates a breakdown of the
test tasks and each responsible party.
Table 5.12: A list of the test tasks divided between the researcher and a helper.
No. Task Responsible person
1.
• Welcoming each participant
• Signing the consent form
• Conducting the pre-test questionnaire
• Conducting the training session
Researcher
2.
• Preparing the environment
• Playing the elevator feedback
• Recording participant’s metrics
Helper
3.
• Giving tasks instructions
• Displaying the system feedback
Researcher
4. Asking SAGAT probes Researcher
5. Playing second goal’s ambient sound Helper
6. Asking second SAGAT probes, SART, and user
satisfaction questions
Researcher
7. Changing layout Helper
8. Conducting the post-test questionnaire Researcher
Table 5.13: Layout and condition order for each participant in the second pilot
study.
Participant 1st scenario 2nd scenario 3rd scenario 4th scenario
T2 A -system C -system D -no system B -no system
T3 B -system C -no system D -system A -no system
T4 B -no system D -system C -no system A -system
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5.20.1 Results
The second pilot study results were promising in terms of SA levels 1
and 2 sensitivity. SA level 1 and 2 seems to be higher when using the OAT
system. Except for participant T2, confidence and satisfaction levels seems to
be initially higher when using the system. Also, the frustration level seems to
be higher when not using a system. This might support the hypothesis that
examines the correlation between individual’s SA and the user satisfaction
metrics. Participant T2 was frustrated from the blindfold and did not adapt to
the use of the cane fully. The researcher speculated that participant frustration
contributed to her answers to the user satisfaction metrics. Table 5.14 shows
the study’s SA results for each participant. SA scores were normalized to
1. User satisfaction metrics were on the scale of 7. Table 5.15 shows the
performance metrics that were captured by the researcher and the helper.
Number of errors meant that a participant veered and took a path that does
not lead to the goal. In such case, the researcher will ask the participant to
turn around and inform him/her that he/she took a wrong turn.
SART results show higher scores of the understanding components:
information quantity and quality of the participants with OAT systems as
apposed to others. The demand and supply components show some di erences
but not as high as the understanding component (see table 5.16).
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Table 5.14: Participant’s SA and satisfaction scores in the second pilot.
ID Scenario SA 1 SA 2 SA 3 Confidence Satisfaction Stress
T2
A -system 0.5 0.21 0 4 4 5
C -system 0.54 0.17 1 4 3 5
D -no system 0.25 0 0 3 3 6
B -no system 0.38 0.083 1 5 6 5
T3
B -system 0.86 0.5 0.67 5 5 2
C -no system 0.23 0.083 0 3 3 7
D -system 0.85 0.58 0 5 5 3
A -no system 0.23 0 0.33 2 2 7
T4
B -no system 0.31 0.17 0.33 5 4 7
D -system 0.85 0.58 0 7 7 4
C -no system 0.64 0.33 0 5 5 7
A -system 0.75 0.75 0.66 7 7 1
Table 5.15: Participants’ performance measures in the second pilot.
ID Scenario Time (min) Distance (ft.) Help requests # Errors
T2
A -system 3:00 71 0 1
C -system 2:23 67 0 0
D -no system 4:48 81 6 3
B -no system 4:32 88 6 2
T3
B -system 3:25 75 0 0
C -no system 4:10 74 3 0
D -system 2:25 69 0 0
A -no system 3:55 85 7 2
T4
B -no system 5:14 165 2 2
D- system 2:14 60 0 0
C -no system 4:21 142 1 3
A -system 2:51 71 0 0
5.20.2 Discussion and Lessons Learned
As the researcher rephrased SART questionnaire (see Table 5.5), par-
ticipants took some time to comprehend SART questions. In the post-test
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A -sys 4 6 4 5 5 6 4 6 6 4
C -sys 5 6 5 5 5 6 6 5 6 4
D -no 6 4 4 3 4 5 4 4 5 3
B -no 4 4 4 5 4 5 4 5 6 6
T3
B -sys 1 1 4 7 6 6 5 7 6 4
C -no 2 1 7 7 7 7 6 2 2 1
D -sys 1 1 7 7 7 7 6 7 6 4
A -no 1 1 7 6 7 6 6 2 2 2
T4
B -no 5 7 7 5 7 6 6 3 5 2
D -sys 1 1 2 7 1 2 2 7 7 3
C -no 1 5 3 7 7 5 6 4 4 5
A -sys 1 1 2 7 1 3 2 6 7 7
Avg. with 2.17 2.67 4 6.33 4.167 5 4.17 6.33 6.33 4.33
Avg. without 3.17 3.67 5.33 5.5 6 5.67 5.33 3.33 4 3.17
questionnaire participants stated that some SART questions were hard to an-
swer. On the other hand, SAGAT probes were clear and understandable to all
participants. Distance questions were reported to be hard as participants were
not familiar with the foot measure. Participant T2 was frustrated with the
blindfold and the use of the cane. All the participants in their post-test ques-
tionnaire reported that sometimes it was hard for them to pay close attention
to the elevator cues while searching the environment.
163
5.21 Conclusion
This chapter explained and discussed the experimental design in detail.
The design explained in this chapter included the design of four travel layouts.
Each layout contained a variety of seven landmarks that could be available or
not to the participants. In each scenario, the participants were asked twice
to pause and respond to SAGAT probes. After finishing each scenario, each
participant was asked to report his/her SA using the standardized SART ques-
tionnaire. Also, participants were asked to self-report their satisfaction levels.





In the final experiment, the researcher examined the use of SA evalua-
tion measures to evaluate blind individual’s SA during indoor orientation tasks
in unfamiliar indoor environments. This chapter discusses the final experiment
that was conducted according to the aforementioned design. This chapter ex-
plains the experimental results. Also, it discusses the user experience with the
use of SA measures: SAGAT and SART when traveling in unfamiliar indoor
environments.
6.1 Demographics
The test was performed with 11 totally blind individuals who had no
functional vision. Among the 11 participants, 10 completed all scenarios.
The participant who did not completed all tasks was grieving over a loss of
spouse and decided not to complete all scenarios. The researcher excluded
the participant who did not complete the scenarios. Three of the included
participants were males, while seven were females. The mean age was 55.3
years with a 15.21 years standard deviation. The youngest participant was 37
while the oldest was 87.
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As it shown in Table 6.1, five of the participant were born blind (or
lost their vision when they were infants), while the other five lost their vi-
sion at a later age. While all participants reported being fully blind with no
functional vision, some of them had some form of visual perception. Three
among the participants had a light perception, while one had light and colors
perception. However, all of the participants who reported some type of vi-
sual perception were not able to use their perception to identify any landmark
during the training session. All the participants who reported having light
perception indicated their lighting perception was in the form of knowing that
there is a light when a strong lighting source existed. Participant P6 indicated
that sometimes he is able to identify very bright color sources (mostly red).
However, participant P6 indicated that he was not able to identify any colors,
lights, or objects in the test room.
All participants self-reported their travel skills on a 7-level Likert scale.
Seven participants rated their travel skills to be excellent (5 or above). Two of
participants rated their travel skills under the average at 3. One participant
rated his travel skills to be average (at 4), but he indicated that he used to
travel more frequently a couple of years ago. All the participants indicated
that they felt more confident when traversing the environment because they
knew that there were no obstacles in their way.
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Table 6.1: Participants’ demographics.











P1 F 66 Light 20’s 6 5+/month iPhone
P2 F 37 Light Since
birth
6 Daily/ job related iPhone
P3 M 49 None 45 5 Multiple times per
work day
iPhone
P4 F 62 Light Since
birth
6 1-2/month iPhone
P5 M 87 None 21 4 Never nowadays
but I used to travel
a lot
None
P6 M 38 Light/Color Since
birth




P7 F 63 None Since
birth
5 Not very often iPhone




P9 F 50 None Since
birth
6 2/month iPhone
P10 F 43 None 37 3 Almost never iPhone
6.2 Normalcy Test
The test was conducted with 10 totally blind participants who had no
functional vision. Each participant performed four travel scenarios. The re-
sults presented in this section are based on the observed measurements. To
determine the appropriate statistical test, the researcher performed a distribu-
tion normalcy test using Shapiro-Wilk method with an alpha<0.05. Among 13
variables, four were found to be normally distributed: SA2, total SA, SART,
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and path e ciency. Table 6.2 illustrates normalcy test results for all the vari-
ables. The variables that did not pass the normalcy test were analyzed using
non-parametric statistical tests. The variables that passed the normalcy test
were analyzed using parametric and non-parametric tests.
Table 6.2: Normalcy test results.
Variable Shapiro-Wilk Sig. (p<.05) Decision
SA1 .007 Not normal
SA2 .158 Normal
SA3 .023 Not normal
Total SA .411 Normal
SART .741 Normal
SART-U .048 Not normal
Confidence .002 Not normal
Satisfaction .001 Not normal
Stress .001 Not normal
Time e ciency .000 Not normal
Path e ciency .234 Normal
Help .000 Not normal
Error .000 Not normal
6.3 Participants Travel Path
As mentioned in the previous chapter, each participant performed four
randomly ordered indoor travel scenarios in four equally controlled environ-
ments. During the experiment, the researcher observed participants’ travel
path. The observed travel paths are reported in appendix F.
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6.4 Di erence Analysis
This section presents the di erence analysis. To obtain good results,
participants’ data was paired. Each condition attempts were averaged for ev-
ery participant. For the non-normally distributed variables, the researcher
ran Wilcoxon signed ranks test. For the normally distributed data, the re-
searcher ran a t-test and Wilcoxon test. The rest of this section overviews
each hypothesis and its result. A detailed analysis can be found in appendix
G.
6.4.1 SA Di erence Analysis
This section discusses the hypotheses testing that relates to H2-1 and
H2-2. This section presents each hypothesis and its results along with some
discussion about the results.
H2-1-1 : Users of the OAT system have higher overall SAGAT scores as op-
posed to participants who do not.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system had a higher total SA scores as apposed to participants
who did not use technology aid (p =.005). This shows that SAGAT
method was sensitive to show SA di erence between OAT users as op-
posed to others.
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H2-1-2 : The perception of relevant environmental information (SAGAT level
1) of OAT system’s users is improved compared to participants who
did not use the system.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system had a higher SA1 scores (p =.005) as apposed to par-
ticipants who did not. Thus, the researcher rejected the null hypothesis.
This suggests that SAGAT probes for SA level 1 were appropriate to
show di erence between participants’ SA1 scores when using OAT as
opposed to only using their canes.
H2-1-3 : The comprehension of relevant environmental information (SAGAT
level 2) of OAT system’s users is improved compared to participants
who did not use the system.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system had a higher SA2 scores as apposed to participants who
did not (p =.005). Also, a two-tailed paired-samples t-test indicated that
scores were significantly higher for the OAT users as opposed others (p <
.001). This result suggests that SAGAT SA2 probes were appropriate
to show SA2 score di erences between participants who used the OAT
system as opposed to others.
H2-1-4 : The projection of relevant environmental information (SAGAT level
3) of OAT system’s users is improved compared to participants who
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did not use the system.
Result: failed to reject the null hypothesis.
A 2-tailed Wilcoxon signed-ranks test did not show a significant di er-
ence on the SA3 scores between participants who used OAT system as
apposed to participants who did not (p =.233). The result suggests
that the used SA3 probes were not sensitive to show di erences between
participants who use the OAT system as opposed to others.
H2-2-1 : SART total scores are higher for blind individuals who use the OAT
system as opposed to individuals who do not.
Result: reject the null hypothesis.
A two-tailed paired-samples t-test indicated that SART scores were sig-
nificantly higher for the OAT users as opposed others, (p =.036). Since
the researcher found that SART scores were normally distributed and
depending on the paired-samples t-test, the researcher rejected the null
hypothesis. This result suggests that SART questionnaire can show dif-
ferences between SART scores of blind OAT users as opposed to blind
users with no technology aid.
H2-2-2 : SART-Understanding scores are higher for blind individuals who use
the OAT system as opposed to individuals who do not.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon signed-ranks test indicated that participants who
used OAT system had a higher SA2 scores as apposed to participants who
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do not (p =.005). This suggests that the sum of the SART understanding
component can show di erences between participants who used OAT
system as opposed to participants who did not.
6.5 Correlation Analysis
This section presents the correlation analysis. The correlation is re-
ported using the Spearman’s rho method when one or more correlation vari-
ables is not normally distributed. When both correlation variables are nor-
mally distributed, the correlation is reported using Spearman’s rho method
as well as Pearson-r method. The rest of this section will report correlation
results for each hypothesis. A detailed analysis can be found in appendix G.
6.5.1 Performance-SA Correlation
H3-1-1 : Path e ciency (baseline travel distance/ actual travel distance) cor-
relates positively with the user’s scores for SAGAT level 1, 2, 3 and
Total SA.
The Spearman’s rho revealed a statistically significant relationship be-
tween the path e ciency of blind participants and their situation aware-
ness levels: SA1, SA2, and total SA. Table 6.3 illustrates the correlation
results between path e ciency and SA components. On the other hand,
using Spearman’s rho correlation methods, SA3 had a non significant
weak correlation with the path e ciency. These results suggest that the
path e ciency had a strong relation with the SA levels that were a ected
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by the OAT system. SA3 was examine through elevator cues that was
presented in the environment, the researcher speculates that this might
be the reason why it had a weak relationship with the path e ciency.
H3-1-2 : Path e ciency (baseline travel distance/ actual travel distance) cor-
relates positively with the user’s SART score and SART-Understanding
subscore.
SART scores were found to have a non significant weak correlation co-
e cient using the Pearson r method. Since the Pearson r correlation
coe cient was not statically significant, the researcher found no evi-
dence to suggest the correlation between the path e ciency and SART
scores. Thus, the researcher failed to reject the null hypothesis. For
SART-Understanding subscore (SART-U), the researcher found a high
correlation coe cient using the Spearman’s rho method.
H3-2-1 : Time e ciency (baseline travel time/ actual travel time) correlates
positively with the user’s scores for SAGAT level 1, 2, 3 and Total SA.
The Spearman’s rho revealed a statistically significant relationship be-
tween the time e ciency of blind participants and their SA levels: SA1,
SA2, and Total SA. For SA1 and SA2, the Spearman’s rho correlation
coe cient revealed a significant high correlation between it and time ef-
ficiency. Total SA was found to have a moderated correlation with time
e ciency using the Spearman’s rho correlation methods. On the other
hand, using Spearman’s rho correlation methods, SA3 had a non sig-
nificant weak correlation with the time e ciency. These results suggest
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Table 6.3: Path e ciency and SA correlations.
Path e ciency & Spearman’s rho Pearson r Decision
SA1 ***rs =.712 NA Reject the null hy-
pothesis
SA2 **rs =.790 **r =.790 Reject the null hy-
pothesis
SA3 rs =-.002, p =.988 NA Fail to reject the null
hypothesis
Total SA ***rs =.606 **r =.613 Reject the null hy-
pothesis
SART *rs =.371 r =.262 Fail to reject the null
hypothesis
SART-U **rs =.648 NA Reject the null hy-
pothesis
Significance levels: *p <.05, **p <.01, ***=p <.001
that the time e ciency had a strong relationship with the SA levels that
were a ected by the OAT system. SA3 was examine through elevator
cues that was presented in the environment, the researcher speculates
that this might be the reason why it had a weak relation with the time
e ciency. Table 6.4 illustrates the correlations and their associated de-
cisions.
H3-2-2 : Time e ciency (baseline travel time/ actual travel time) correlates
positively with the user’s scores for SART and SART-U.
As it shown in table 6.4, SART scores were found to have a statistically
significant weak correlation with the time e ciency using the Spearman’s
rho method. Also, SART-U scores were found to be highly correlated
with time e ciency.
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Table 6.4: Time e ciency and SA correlations.
Time e ciency & Spearman’s rho Decision
SA1 **rs =.609 Reject the null hypothesis
SA2 **rs =.627 Reject the null hypothesis
SA3 rs =-.150, p =.357 Fail to reject the null hypothesis
Total SA **rs =.549 Reject the null hypothesis
SART *rs =.346 Reject the null hypothesis
SART-U **rs =.545 Reject the null hypothesis
Significance levels: *p <.05, **p <.001
H3-3-1 : Number of errors (wrong turns) negatively correlates with the
user’s scores for SAGAT level 1, 2, 3 and Total SA.
The Spearman’s rho revealed a statistically significant relationship be-
tween the number of errors of blind participants and their SA levels:
SA1, SA2, Total SA. Table 6.5 overviews number of errors correlation
with SA variables. On the other hand, using Spearman’s rho correlation
methods, SA3 had a non significant weak correlation with the number
of errors. These results suggest that the number of errors had a strong
negative correlation with the SA levels that were a ected by the OAT
system. SA3 was examine through elevator cues that were presented in
the environment, the researcher speculates that this might be the reason
why it had a non significant correlation with the number of errors.
H3-3-2 : Number of errors (wrong turns) negatively correlates with the
user’s scores for for SART and SART-U.
As it shown in table 6.5, the Spearman’s rho revealed a statistically
significant relationship between the number of errors of blind participants
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and their SA levels: SART and SART-U. SART scores were found to have
a weak correlation with the number of errors using the Spearman’s rho
method, while SART-U scores were found to be highly correlated with
the number of errors.
Table 6.5: Number of errors and SA correlations.
Errors & Spearman’s rho Decision
SA1 **rs =-.654 Reject the null hypothesis
SA2 **rs =-.740 Reject the null hypothesis
SA3 rs =-.227, p =.159 Fail to reject the null hypothesis
Total SA **rs =-.701 Reject the null hypothesis
SART *rs =-.331 Reject the null hypothesis
SART-U **rs =-.640 Reject the null hypothesis
Significance levels: *p <.05, **p <.01
H3-4-1 : Number of help requests negatively correlates with the user’s scores
for SAGAT level 1, 2, 3 and Total SA.
The Spearman’s rho revealed a statistically significant relationships be-
tween the number of help requests of blind participants and their SA
levels: SA1, SA2, and Total SA. Table 6.6 illustrates the correlation re-
sults. SA1, SA2, Total SA, and SART-U scores demonstrated significant
negative correlations with the number of the times a user requested help
during the experiment. SART score revealed a significant moderated
correlation with the number of help requests. On the other hand, SA3
had a non significant correlation with the number of help requests. These
results suggest that the number of help requests had a strong negative
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correlation with SA levels that were a ected by the OAT system. SA3
was examine through elevator cues that was presented in in each of the
scenarios. The researcher speculates that this might be the reason why
it had a non significant correlation with the number of help requests.
H3-4-2 : Number of help requests negatively correlates with the user’s scores
for SART and SART-U.
Table 6.6 shows that the Spearman’s rho revealed a statistically signifi-
cant relationships between the number of help requests of blind partic-
ipants and their SA scores for: SART and SART-U. SART scores were
found to have a weak correlation with the number of help requests, while
SART-U scores were found to be highly correlated.
Table 6.6: Number of help requests and SA correlations.
Help requests & Spearman’s rho Decision
SA1 **rs =-.750 Reject the null hypothesis
SA2 **rs =-.748 Reject the null hypothesis
SA3 rs =-.086, p =.596 Fail to reject the null hypothesis
Total SA **rs =-.664 Reject the null hypothesis
SART *rs =-.325 Reject the null hypothesis
SART-U **rs =-.630 Reject the null hypothesis
Significance levels: *p <.05, **p <.01
6.5.2 SA - User Satisfaction Correlation
H4-1 : The user’s satisfaction level positively correlates with his/her SA
level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
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tween participant’s satisfaction level and their SA levels: SA1, SA2,
total SA, SART, and SART-U. Table 6.7 shows the correlation results
along with the decision for each. SA1, Total SA, and SART-U showed a
high correlation with the user satisfaction level. SA2 and SART scores
showed moderated correlations with the user satisfaction score. On the
other hand, the Spearman’s rho correlation method did not revealed any
significant results for the correlation between the satisfaction level and
SA3. The researcher speculates that the SA-satisfaction results were due
to the fact that the designed OAT did not contribute to the understand-
ing of the elevator cues.




SA1 *rs =.708 Reject the null hypothesis
SA2 *rs =.596 Reject the null hypothesis
SA3 rs =.137, p =.400 Fail to reject the null hypothesis
Total SA *rs =.607 Reject the null hypothesis
SART *rs =.510 Reject the null hypothesis
SART-U *rs =.840 Reject the null hypothesis
Significance level: *p <.01
H4-2 : The user’s task confidence level positively correlates with his/her
SA level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
tween participant’s confidence level and their SA levels: SA1, SA2, To-
tal SA, SART, and SART-U. Table 6.8 illustrates the correlation results
along with the decision for each. SA1, SA2, Total SA and SART-U
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scores demonstrated high correlations with the user’s confidence level.
The SART score showed a moderated correlation coe cient with the
user’s confidence level. On the other hand, the Spearman’s rho correla-
tion method did not revealed any significant results for the correlation
between the confidence level and SA3. The researcher speculates that
the SA-confidence results were due to the fact that the designed OAT
did not contribute to the understanding of the elevator cues.




SA1 *rs =.776 Reject the null hypothesis
SA2 *rs =.711 Reject the null hypothesis
SA3 rs =.084, p =.608 Fail to reject the null hypothesis
Total SA *rs =.665 Reject the null hypothesis
SART *rs =.466 Reject the null hypothesis
SART-U *rs =.821 Reject the null hypothesis
Significance level: *p <.01
H4-3 : The user’s task stress level negatively correlates with his/her SA
level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
tween participant’s stress level and their SA levels: SA1, SA2, Total SA,
SART, and SART-U. Table 6.9 illustrates the correlation results along
with the decision for each. SA1 and SART-U scores showed statistically
significant high negative correlations with the user’s stress level. SA2,
Total SA, and SART scores demonstrated moderated negative correla-
tions with the user’s stress level. On the other hand, the Spearman’s
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rho correlation method did not revealed any significant results for the
correlation between the stress level and SA3. The researcher speculates
that the SA-stress results were due to the fact that the designed OAT
did not help the participants to the understand the work’s elevator cues.




SA1 *rs =-.620 Reject the null hypothesis
SA2 *rs =-.556 Reject the null hypothesis
SA3 rs =.010, p =.953 Fail to reject the null hypothesis
Total SA *rs =-.471 Reject the null hypothesis
SART *rs =-.521 Reject the null hypothesis
SART-U *rs =-.763 Reject the null hypothesis
Significance level: *p <.01
6.6 SAGAT Stops Durations
In order to understand how much time it would take OAT researchers
to utilize these situation awareness measurement instruments, the researcher
measured the time spent on conducting SAGAT probes during the experiment.
28 probes were presented to each participants in which: 13 of them were for
SA1, 12 were for SA2, and 3 were for SA3. All of the participants traveled four
scenarios. Each of the scenarios included two SAGAT sessions. The first was
after reaching the first goal, while the second was after reaching the second
goal. The first stop included seven questions that examine participant’s ability
to indicate landmarks around them as well as predicting the current state of
the nearby elevator. The second stop SAGAT probes included questions about
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the nearby landmarks that participants noticed or encountered after the first
stop. The average time spent on both SAGAT stops was 3:12 minutes, while
the average travel time was 3:16 minutes.
In some cases, participants spent much time trying to locate landmarks
around them and judge how far they were from their position. Also, all par-
ticipants spent some time trying to remember their last time they heard the
elevator cues. Table 6.10 shows the time spent by each participant on SAGAT
stops.
Table 6.10: SAGAT stop durations in minutes.
ID/Layout Scenario A Scenario B Scenario C Scenario D
P1 2:41 2:19 2:32 3:05
P2 3:48 3:05 3:37 3:40
P3 2:02 2:45 3:32 1:57
P4 3:42 2:54 5:29 3:46
P5 2:53 3:12 2:35 4:00
P6 1:55 3:17 2:15 3:00
P7 4:27 2:03 4:49 3:15
P8 3:26 2:38 1:31 4:20
P9 3:37 4:17 3:44 3:01
P10 3:02 2:14 2:05 5:48
Averages 3:09 2:52 3:12 3:35
6.7 User Experience with SA Metrics
After each experiment, the researcher performed a questionnaire to
learn about participants experience with SAGAT probes and SART question-
naire. The questionnaire contained 12 attitudinal questions. Each participant
answered them with a 7-level Likert scale. Also, the questionnaire had three
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open-ended questions that targeted the participants’ suggestions to improve
SAGAT probes. Each questionnaire took around 10 minutes. Figure 6.1 illus-
trates the results on a stacked chart.
Participants reported that SAGAT probes were easy to understand and
answer. In fact, all of the participants had an agreement that SAGAT probes
were understandable. For example, participant P5 said “I pretty understand
[the questions.]” Also, 50% of the participants agreed that the probes were easy
to answer. For example, participant P6 said “they were easy.” However, 20%
of them did not agree and 30% of were undecided. Example of that is what
participant P7 told the researcher about SAGAT probes “they were hard.”
Another example was what participant P9 told the researcher “there were a
little more di cult than easy.” On the other hand, 80% of the participants
had an agreement that SART questions were understandable. However, 10%
disagreed and another 10% were undecided. Example of participants who
reported problems with SART was participant P10 when she said “those were
very hard for me to understand.” Another example is what participant P3
told the researcher when he explained that SART questionnaire was generally
understandable, however some of it was hard: “mostly, there is a couple that
it took a while to know what you’re after.”
Seventy percent of the participants thought they were able to regain
their mental map after each SAGAT stop, while 10% were not. Example of
participant who had no trouble with SAGAT stops was participant P3 where
he said “I thought this was reasonable, I was able to maintain my thoughts. I
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was able to maintain the map in my head.” On the other hand, an example of
persons who had trouble with their train of thoughts was participant P1 where
she said “it interrupted my concentration. It was a little harder to remember
where I had been, so I can plan my next move.” 50% of the participants
thought that SAGAT stops did not negatively a ected their awareness of the
environment, while 30% reported that it a ected them. Also, 70% of the
participants reported that they would generally perform better without them
being stopped or interrupted, while 30% of them thought stops wouldn’t a ect
their travel. Example of this is what participant P3 stated when he said “I
guess as a general concept, the shorter is better, the longer is worse, but I
had no trouble with the length you had, I was able to keep everything in my
head just fine.” Finally, on another question that asked about the duration of
SAGAT pause in the experiment, 70% of the participants thought the stop
durations allowed them to maintain their mental map, while 20% disagreed
and reported that it a ected them. In fact some participants indicated that
the nature of used SAGAT probes helped them to review their mental map
about the environments. Example of this is what participant P4 stated by
saying that stops “did help in a positive way. It confirmed, it glued things. It
helped.”
In terms of the used SAGAT probes, 50% thought that, to some extend,
SAGAT probes would require them to remember things in the environment
that they don’t necessary pay attention to, while the other 50% disagreed
with them. Example of the participants who indicated that they needed to
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pay more attention was participant P10 said “I had to physically to mentally
backtrack where did I come from, step by step, like what was the last thing I
encountered before I found my destination and then try to take it back to the
beginning. But I can get lost easily.” On the other hand, other participants
stated such as participant P4 indicated that they usually keep track of things
while they travel indoor environments: “I can remember things for a very long
time.” said P4. The researcher asked the participants if the SAGAT probes
that requires them to estimate landmark’s distance were easy to answer. 40%
of the participants were undecided, while 30% thought to some extend that
estimating distances was easy. On the other hand, the other 30% disagreed
and thought, to some extend, that distance probes were hard. Example of
that is what participant P5 indicated that taking many turns can confuses
him: “When I had a key turning, that confuses the distance for me.” The
probes that required the participants to point out landmarks’ locations were
reported to be easy by 60% of the participants, while 30% of them thought it
was to some extend hard.
The open-ended questions were focused on the improvement of the
SAGAT and the SART methods when using them with blind individuals in a
travel task. The majority of the participants indicated that task interruptions
can a ect their travel. However, a majority of participants indicated that the
nature of the SAGAT probes may have helped them to think through where
are landmarks from them at each stop. That’s why most of the participants
thought that the stops did not a ected their travel. Examples of that is what
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participant P8 stated about the stops e ect “it did a ected, but that has to
be in a positive way.” Another example was participant P3 when he stated “It
was very helpful” when referring to SAGAT stops.
In another open-ended question that was asked to the participants
about the suggestions for a proper time to be interrupted that allows them to
maintain their mental map of the environment. A majority of the participants
suggested stops duration to be around 2-3 minutes. For example, participant
P4 suggested the SAGAT stops to be “up to three minutes.” Participant P5
said “two minutes.” Another example is what participant P6 indicated to the
researcher about SAGAT stops by suggesting the stops duration to be very
short by saying “like a very few minutes, depends upon the size of the envi-
ronments.” This work suggests further investigation on this issue.
Participants thought it was easy for them to traverse the environment
and pay attention to the system feedback, however, some participants reported
that because they were traversing the environment, it was hard for them to pay
good attention to the elevator cues. An example of this is what participant
P9 indicated “I could definitely noticed the sound, but did not always to
concentrate if it was going up or down.” Finally, some participants discussed
that the used SART questionnaire was little hard for them due to the fact
that they were not accustomed to the air tra c domain. For example, the
SART variability question, was reported to be hard to answer by some of the
participants. An example of that was what participant P10 indicated about
SART questions “those were very hard for me to understand.“ Another example
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that indicated that some SART questions were little harder than others was
participant P3 when he indicated that SART questions were understandable
but some were hard: “mostly, there is a couple that it took a while to know
what you’re after.”
6.8 Conclusion
This chapter presented the results that examine the use of the SA met-
rics in the evaluation of OAT systems. Except for SA3, SAGAT showed a
significant di erence between OAT users as opposed to others. Also, SART
and SART-U showed di erence between both conditions. Additionally, the
results showed some strong correlations between participants SA and their
performance. Finally, there were significant correlations between the user sat-
isfaction components and their SA. SA3 was reported to have non-significant
correlations with the performance and satisfaction variables. The researcher
speculates that SA3 did not have any significant correlations due to the fact
that the used elevator cues were presented in all of the conditions.
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Figure 6.1: SA post questionnaire results.
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Chapter 7
Conclusion and Future Work
In this dissertation, the researcher discussed the process of incorporat-
ing SA requirements elicitation, goal modeling and metrics. This chapter will
overview the lessons leaned through the work carried here with the focus on
the metrics part as well as highlights our future work.
7.1 SA Metrics with OAT Systems
This work has investigated the use of two SA metrics: SAGAT and
SART in the process of evaluating OAT systems. As a first evaluation of the
validity of these instruments, we found that their scores di ered significantly
between the two conditions (with OAT vs. without).
SAGAT probes showed significant di erences between the tested condi-
tions (with vs. without OAT) for SA1, SA2, and total SA levels. SA3, on the
other hand, revealed no significant di erence between both conditions. The
researcher speculates that SA3 probes were not able to capture any di erences
due to the fact that the auditory cues were played in the environment during
all conditions. Also, the researcher speculates that SA3 might be a good fit
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for future projects that investigate OAT systems that prompts the users about
upcoming obstacles.
SART metric was able to show di erences between the aided and the
non-aided conditions. SART-U component showed a high significant di erence
between both conditions. SART questionnaire was rephrased to improve its
understandability. Yet, in some cases, participants required the researcher to
further explain some of the questions. Thus, more investigation maybe needed.
7.2 SA and Performance
The results revealed generally a strong correlation between the user’s
SA and his/her performance. SA1, SA2, total SA, SART, and SART-U showed
strong relationships with the participants’ performance. SA3, on the other
hand, did not show any significant correlation with the performance. The
relationship between the user’s SA and performance can be beneficial to gen-
erally reconfirm user’s SA. However, the performance metrics cannot highlight
design areas that need further enhancements. When using SAGAT, the weak
SA levels can indicate potential enhancement spots on the user interface that
can enhance the user’s SA in the future. This indication provides evidence of
concurrent criterion-related validity of the SA metrics [70]. The results con-
firm the previous studies that were performed in di erent domains [27, 97],
which revealed a link between user’s SA and performance.
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7.3 SA Metrics as an Indicator to User Satisfaction
Components
The experimental results showed that SA metrics: SA1, SA2, Total
SA, SART, and SART-U were highly correlated with the user satisfaction
components: satisfaction, confidence, and stress levels. This suggests that
the aforementioned SA metrics can be used to indicate the user satisfaction
levels when using an OAT system. Also, this provides evidence of concurrent
criterion-related validity of the SA metrics [70].
Previous studies that were performed in the domain of OAT systems
that aid sighted people has found generally a strong correlation between the
user’s performance and satisfaction [14, 23]. This work showed a strong cor-
relation between user’s SA and performance. Thus, this work confirms the
relationship between the user’s SA and satisfaction for individuals who are
blind when using OAT systems.
7.4 Lessons Learned
Through the work performed in this thesis, the researcher gained lessons
that can help other researchers who are conducting SA studies in the field of
OAT systems that aid blind individuals. This section will illustrate and discuss
each of them.
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7.4.1 Consider the Use of Clock-Based System
In this work, the participants preferred to stand still when answering
location-based probes. The reason behind this was to maintain participants’
sense of orientation. If the researcher asked the participants to point out each
landmark using their fingers, it would be much di cult to the researcher to
understand the exact location. Thus, the researcher has the participants to
answer the location probes using the clock-based system. For example, ’the
elevator is at 7 o’clock.’
7.4.2 Choose Probes with Wide Coverage
When working with SAGAT, it is better to ask many probes about
each dimension. To maximize the number of points in each SAGAT stop
while maintaining probe’s location relativity to the task, the researcher relied
on designing a set of probes with large coverage.
Achieving large coverage of the probes can be achieved by designing
most of the probes in a way that elicit multiple points on each question. For
example, instead of asking each participant if they encountered a specific land-
mark on their way and what was the status of it, the tester can ask them to
name all the landmarks that they encountered and specify their availability
status. This will move the probes from answering a single point to a multiple
points. Also, this can help in minimizing the time spent on each stop.
191
7.4.3 Minimize the Use of Distance Estimation Probes
Distance probes were hard for majority of the participants. While this
work allowed a %20-error margin, many participants were wrong in how far
landmarks were from them. The researcher learned from the participants that
distance estimation is not a common thing they would perform when traveling.
Thus, this work recommends further investigation to check the appropriateness
when using distance probes.
7.4.4 Choose Appropriate Spots for SAGAT Pauses
In the experiment explained in this dissertation, the researcher per-
formed two SAGAT stops in each scenario. Choosing appropriate spot to stop
each participant and present the probes is crucial. Researchers need to con-
sider the user’s short term memory loss as well as a reasonable number of
landmarks that a user can remember. The study was piloted several times to
learn about the stops and the amount of information required from the partic-
ipants in each stop. Evaluators need to balance between the number of stops
and the amount of information required by the participant to remember.
7.4.5 Keep SAGAT Durations Short
Helping the participants to maintain a less interrupted chain-of-thoughts
is a challenge that needs to be addressed when working with SAGAT. Based on
the feedback that was received from the participants, SAGAT probes should
not exceed two minutes. Longstop durations could a ect a user’s series-of-
192
thoughts, and therefore may a ect his/her performance. However, the ma-
jority of the participants indicated that the nature of the used probes helped
them to review their existing mental map of the environment. This work sug-
gests the need for further investigation into the a ect of SAGAT stops on the
user’s performance when using an OAT system.
7.4.6 Simplify SART Questionnaire
SART self-reporting questionnaire is a metric that was designed to as-
sess the situation awareness of individual’s in the aviation field. When working
with participants who are not accustomed to the aviation field, it is beneficial
to simplify the questionnaire items in a way that can be understood by the
participants. This work rephrased SART questions in the form of attitudinal
statements that can be rated from 1 to 7.
7.5 Conclusion
This chapter discussed the conclusion and lessons learned from the
work carried in this dissertation. The SA metrics: SART and SAGAT have
generally shown the ability to show di erences between the participants’ SA
when using the OAT system as opposed to none. This suggests that the used
SA metrics can be beneficial to be incorporated in the evaluation process of




Through this work, the researcher gained many directions that can
mark the future steps. For instance, studying the a ect of SAGAT stops
on blind individual’s performance is an interesting path that needs further
investigation. Additionally, applying SAGAT probes to evaluate and compare
di erent OAT systems is another interesting path. This section will briefly
discuss some of the future directions.
Through the post survey that was conducted in the experiment ex-
plained in this work, participants discussed how they felt about being stopped
in each travel task. The amount of distraction and its a ect on the partici-
pant’s performance is an interesting research path. The research question that
relate to this problem can be phrased as the following: “does the SAGAT
method a ect the performance of blind travelers when using OAT systems?”
In the spite of this research question, the researcher needs to compare blind
travelers’ performance when using an OAT with the SAGAT and without it.
Another direction is to investigate how the results of SA metrics, can
be informative as part of the design process, to help the designers determine
which parts of the system needs improvements. This can help future studies
to evolve and enhance OAT systems.
Further future work is to use SAGAT method with obstacle detection
systems. In such case, the researcher can utilize SA3 probes to examine the
ability of a blind individual to predict obstacles with and without a system.
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The probes should be designed though the requirements stage using the goal-
modeling technique.
Finally, the researcher argues that SAGAT method have a potential
to compare and study the di erences between two or more OAT systems. In
such case, the probes analysis can be designed to discuss smaller features under







Table A.1: An HTA of the Indoor Orientation Tasks for
the Individuals with Visual Impairments.
Superordinate Task component Plans/Operation Notes
0 VI user navigate indoor unfamiliar build-
ing









Plan 1: DO 1.1-1.2 in ANY ORDER; then
DO 1.3 if NECESSARY
1.1. Identify important landmarks around
1.2. Identify an information source
1.3. Ask for directions
1.1 Identify important landmarks around
Plan 1.1: DO one or more of 1.1.1-1.1.2-
1.1.3 in ANY ORDER; then DO 1.1.4
1.1.1. Listen for cues
1.1.2. Sense important smells around
1.1.3. Identify glass walls by light percep-
tion (if user is capable)
1.1.4. Form mental map (or spatial repre-
sentation)
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1.1.1 Listen for cues
Plan 1.1.1: DO 1.1.1.1-1.1.1.2-1.1.1.3 if
NECESSARY in ANY ORDER 1.1.1.1.
Listen for elevators and escalators
1.1.1.2. Listen for stairs case






1.2 Identify information sources
Plan 1.2: DO 1.2.1 or 1.2.2 or both if
NECESSARY
1.2.1. Search nearby walls for Braille sig-
nage
1.2.2. Listen for people around
1.2.2 Listen for people around
Plan 1.2.2: DO one or more of 1.2.2.1-
1.2.2.2-1.2.2.3 in ANY ORDER
1.2.2.1. Listen for front desk
1.2.2.2. Listen for security guard
1.2.2.3. Listen for pedestrians
1.3 Ask for directions
Plan 1.3: DO 1.3.1-1.3.2 in the THAT
ORDER
1.3.1. Approach information source (e.g.
reception desk)
1.3.2. Ask for directions or guidance
1.3.2 Ask for directions or guidance
Plan 1.3.2: DO one or more of 1.3.2.1-
1.3.2.2-1.3.2.3 in ANY ORDER
1.3.2.1. Ask for verbal description of path
1.3.2.2. Ask guide to point out things
around with your own hand
1.3.2.3. Ask for personal guidance
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2 Navigating
Plan 2: DO 2.1 or 2.2; then DO 2.3-2.4 if
NECESSARY in ANY ORDER
2.1. Navigate with Cane to destination
2.2. Navigate with Guide Dog to destina-
tion
2.3. Estimate arrival
2.4 Ask for directions
2.1 Navigate with cane to destination
Plan 2.1: DO and REPEAT 2.1.1 as
needed then DO 2.1.2-(2.1.3 then 2.1.4)-
2.1.5-2.1.6 if NECESSARY in ANY OR-
DER







2.1.1 Swipe cane to ensure no obstacles in the
way
Plan 2.1.1: DO and REPEAT 2.1.1.1-
2.1.1.2 in ANY ORDER
2.1.1.1. Swipe Cane slightly to left when
touching the floor
2.1.1.2. Swipe Cane slightly to right when
touching the floor
2.1.2 Move
Plan DO 2.1.2.1-2.1.2.2-2.1.2.3 if NECES-
SARY in ANY ORDER
2.1.2.1. Move in desired direction
2.1.2.2. Walk on stairs or steps
2.1.2.3. Take an elevator/escalators
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2.1.2.1 Move in desired direction
Plan 2.1.2.1: DO one or more of 2.1.2.1.1-







Plan 2.1.3: DO one or more of 2.1.3.1-
2.1.3.2 in ANY ORDER
2.1.3.1. Listen to identify cues about ob-
ject






















Plan 2.1.4: DO 2.1.4.1 or 2.1.4.2
2.1.4.1. Go around the obstacle
2.1.4.2. Change direction
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2.2 Navigate with guide dog to destination
Plan 2.2: DO 2.2.1 then DO 2.2.2-2.2.3-
2.2.4 if NECESSARY in ANY ORDER
2.2.1. Move
2.2.2. Avoid obstacles
2.2.3. Instruct dog to stop
2.2.4. Open a door
2.2.1 Move
Plan 2.2.1: DO 2.2.1.2-2.2.1.1 in the
THAT ORDER
2.2.1.1. Follow guide dog movement
2.2.1.2. Give instruction to guide dog
2.2.1.1 Follow guide dog movement
Plan 2.2.1.1: DO 2.2.1.1.1-2.2.1.1.2 in
THAT ORDER
2.2.1.1.1. Hold dog harness and leash
2.2.1.1.2. Move and walk accordingly
2.2.1.2 Give instruction to guide dog
Plan 2.2.1.2: DO one or more of 2.2.1.2.1-
2.2.1.2.2-2.2.1.2.3 in ANY ORDER
2.2.1.2.1. Go forward command
2.2.1.2.2. Find Command
2.2.1.2.3. Make a turn command





Plan 2.2.1.2.2: DO 2.2.1.2.2.1-2.2.1.2.2.2-
2.2.1.2.2.3-2.2.1.2.2.4 if NECESSARY in
ANY ORDER
2.2.1.2.2.1. Find elevator or escalator
2.2.1.2.2.2. Find stairs
2.2.1.2.2.3. Find bathroom
2.2.1.2.2.4. Find reception desk
2.2.1.2.3 Make a turn command






Plan 2.2.2: DO 2.2.2.1 then DO 2.2.2.2 or
2.2.2.3
2.2.2.1. Identify obstacle type
2.2.2.2 Go around the obstacle
2.2.2.3 Make a U turn
2.2.2.1 Identify obstacle type
Plan 2.2.2.1: DO any of 2.2.2.1.1-2.2.2.1.2
if NECESSARY in ANY ORDER
2.2.2.1.1. Listen for cues about obstacle
2.2.2.1.2. Touch the obstacle
2.3 Estimate arrival
Plan 2.3: DO one or more of 2.3.1-2.3.2-












Plan 2.3.4: DO one or more of 2.3.4.1-
2.3.4.2- 2.3.4.3 in ANY ORDER
2.3.4.1. Read braille signage
2.3.4.2. Read print signage
2.3.4.3. Ask someone
2.4 Ask for directions
Plan 2.4: DO 2.4.1-2.4.2 in THAT OR-
DER
2.4.1. Approach information source (e.g.
pedestrian)





VI indoor navigation user interview
The following document contains proposed interview questions that will help a researcher to 
understand the domain of visually impaired (VI) navigation, and to identify important 
requirements to be taken into account when designing a user interface for VI indoor 
navigation. This form will be used and filled by the researcher. The researcher will follow and 
fill questions responses according to participants feedback.
Objective: Explore the challenges and needs presented by visually impaired users when 
navigating buildings to be taken into account in my upcoming research. 
Method: This is an initial exploratory interview session. Interviewees will perform some 
navigation tasks while being interviewed. The interviewer will perform interviews and 
observations at the same time.
Type: Semi-structured interview. Initial questions will be asked, then will be followed by 
exploratory and clarification questions as needed.
---------------------------------------------------














Which of the following describes your sight *
 I'm blind, BUT I had sight before
 I was born blind
 I can see LIGHTS
 I can see SHADOWS
 I can see COLORS
 I can see MOVEMENT
 Other: 
If selected "had sight before", please specify when did you lost your sight.
Navigation assistance






If using assistance, how long you have been using this type of assistance?
Did you go through mobility training? *
 Yes
 No
What type of places do you go to? *
 Malls





In unfamiliar building, how do you use your skills to know where you are? *
In unfamiliar building, how do you use your skills to know where to go? *
In unfamiliar building, how do you use your skills to go to your destination? *
Navigating familiar buildings
In a familiar building, how do you use your skills to know where you are? *
In a familiar building, how do you use your skills to know where to go? *
In a familiar building, how do you use your skills to go to your destination? *
Describe and demonstrate how you use assistance while navigating. *
Frustrations and concerns




Describe your concerns and frustrations when navigating OPEN SPACES *




Describe your concerns and frustrations when navigating HALLWAYS *
Are you comfortable to navigate through ROOMS *




Describe your concerns and frustrations when navigating ROOMS *
Are you comfortable to navigate through LARGE ROOMS *




Describe your concerns and frustrations when navigating LARGE ROOMS *
Cane challenges and exposure to other assistance
types




 Rigid white cane with no feedback
 Other: 
If using cane, what are the current challenges that face you when using cane
 Identifying objects above user’s waist (such as hanging wires)
 Identifying table corners
 Slippery surfaces
 Other: 
If you had experience with any other assistance types, please state them.
If you had experience with any other assistance types, please state your challenges with each.
Exposure to other assistive technologies
Do you use any technology assistance in addition to your guide/cane? *
 Yes
 No
If Yes, please state what technology do you use
Do you use a Smartphone? *
 Yes
 No
If Yes, how do you interact with your Smartphone?




In indoor buildings, what are the things you wish you had to help you in your orientation? *
Orientation means knowing which direction you are heading to, where the major landmarks are located,
and defining your current position.
In indoor buildings, what are the things you wish you had to help you with your navigation? *
Navigation means how you go over your path in order to reach your final destination.
Navigation Task description
If interviewed in person, participant will be asked to perform navigation tasks in the building 
after this section. The researcher will record his observations in addition to participant 
response.
When entering a building, how do you know where you are in the building? *
Examples: gate number or description, major landmarks, etc.
When entering a building, what type of information is available at the entrance? *
 Braille signs
 Human help (e.g. reception desk)
 Information machine (e.g. kiosk)
 Mobile navigation system
 Other: 
How important is knowing landmarks locations when navigating inside buildings? *





When navigating, which of the following are important to you in order to remember your way? *
 Landmarks such as: escalators, pillars, trees, and statues




Describe how do you use landmarks while navigating? *
Example: do you memorize their places, do you use them to remember your way (building mental map)




If Yes, describe how do you use sounds around you to navigate around?
When going to another nearby floor, which do you prefer the most? *




When going to another nearby floor, which do you prefer? *
Nearby floor is a floor near to you such as 2nd or 3rd floor
 A farther elevator
 A nearby stairs
When getting out of the elevator, which direction do you usually go? *
 Right
 Left
 Depends on where I'm going
 Other: 
When walking, how you estimate the distance? *
 In steps
 In some length unit (e.g. feet, meter,...)
 By time
 Other: 
How do you know that you reached your destination? *
 Ask someone
 Read Braille signs 
 Other: 
What are the obstacles that you can detect with your assistance? *
Assistance types: cane, guide dog, human guide, etc.
 Objects on the floor
 Edges and holes
 Other: 
What are the obstacles that you CANNOT detect with the assistance? *
Assistance types: cane, guide dog, human guide, etc.
 slippery surfaces
 Objects above waist
 Other: 




If Yes or Sometimes, please explain why do you avoid them?
When navigating, how you do you sense danger in your way? *
 Using assistance 
 Using hearing sense
 Smelling sense
 Other: 
Describe in steps how do you sense and avoid danger when navigating *
Mobility and UI questions





If yes, describe how you use your phone/Smartphone with one hand while navigating.
If there were a system that helps you to navigate indoor buildings and runs on your




Part 1: UI in a hospitable environment
When navigating in a hospitable environment, state how do you like to interact with that
system for navigation requests? *




 Keypad (e.g. iphone keypad)
 Other: 
When navigating in a hospitable environment, state what type of information representation





When navigating in a hospitable environment, state what type of information representation
you prefer for "building information" *





Part 1: UI in an inhospitable environment
When navigating in an inhospitable environment, state how do you like to interact with that
system for navigation requests? *




 Keypad (e.g. iphone keypad)
 Other: 
When navigating in an inhospitable environment, state what type of information representation
you prefer for "building information" *





When navigating in an inhospitable environment, state what type of information representation
you prefer for "path details and description" *





Would you like to use a navigation system that describes distance in terms of steps?










Have you had any missed calls while your phone was in your pocket on the vibration mode? *
 Yes
 No
If Yes, what was the reason?
 didn't notice the vibrations
 didn't hear the tone
 Other: 




If Yes, what would solve that problem?
 Stronger vibrations
 Discrete vibrations 
 Tones with vibrations
 Other: 
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Which of the following forms of the indoor navigation system you might use? *
Choose one or more
 Mobile (runs on a Smartphone)
 Wearable on your rest
 Wearable on your head
 Wearable om your waist
 Other: 
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Orientation and mobility trainers
interview
This is a semi structured-interview, which is intended for orientation and mobility trainers of 
the visually impaired. Those who conduct the training in the use of white canes as a mobility 
tool are needed for this interview. 
Researcher Name: 









4. Are you a visually impaired person? *
If you choose "No", please skip to question 8.
 Yes
 No
5. How long you have been visually impaired?
 Since birth
 More than 5 years
Edit this form
 3-5 years
 1-3 years 
 Less than 1 year





 I’m totally blind
7. How long has it been since your orientation and mobility training?
 never had one
 More than 5 years
 3-5 years
 1-3 years 
 Less than 1 year
8. How long you’ve been an orientation and mobility trainer? *
 Less than 1 year
 1-3 years
 Over than 3 years
Training Process Details
9. Choose all age groups that participate in the mobility training. *
Select all that apply.
 10 years and under (kids)
 11-18 years old (teens)
 18 - 55 years old (adults)
 Over 55 years (seniors)
10. How many months does the orientation and mobility training take? *




If you choose "It depends", please explain.
12. In which building(s) the training takes place? *
Select all that apply.
 Malls
 Convention centers or similar buildings
 Buildings with large atrium areas. For example, hospitals and office buildings




13. What is the recommended information to look for when entering unfamiliar buildings? *
14. Most buildings start with an atrium area, which is an open area. Describe the recommended
steps to navigate that area in unfamiliar buildings. *
15. What strategies do you teach students to use when navigating indoors (including listening
for cues)? *
16. Give examples of important cues to listen for in unfamiliar buildings. *
17. When entering unfamiliar buildings, what steps are required for participants to build their
mental map. *
18. When entering unfamiliar buildings, what steps are required for participants to remember
their way out of the building? *
19. If you’re a visually impaired person, please state how do you leverage that in the training
process.
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20. What are the best practices for indoor navigation (for cane users). *
21. What are the recommended practices that students do not follow? *
22. Are there any best practices that changed over time? *
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Indoor Navigation Survey for Visually Impaired Users
We’re researchers from Rochester Institute of Technology (RIT) from Rochester, NY. Our research
is to help visually impaired (VI) users to orient themselves in unfamiliar indoor environments. We
listed a criteria for who can participate in this survey. If you match our criteria, then we would
appreciate your participation.
Who can participate? 
Any visually impaired (VI) person who:
A- Is an adult
B- Uses cane
C- Is not using a guide dog
D- Is not hard of hearing or deaf
E- Is able to walk unassisted
Researcher Name: 
Abdulrhman Alkhanifer, RIT, Rochester, NY
 Male
 Female
 Prefer not to answer
 Rigid (and foldable)
 Laser sensor 
 Infrared sensor
 Ultrasonic
 Other:  
1. Age (in years).
2. Location (name your state if in US, or country name if outside).
3. Sex
4. What type(s) of cane do you use? (Choose one or more answers).
 Since birth
 More than 5 years
 3-5 years
 1-3 years 
 Less than 1 year
 More than 5 years
 3-5 years
 1-3 years





 I’m totally blind
 Other:  
 More than 5 years
 3-5 years
 1-3 years
 Less than 1 year






 Other:  
5. How long you have been visually impaired?
6. How long have you been using a cane?
7. Do you have any visual perception of the following? (Choose one or more
answer)
8. How long has it been since your mobility training?










10. When entering an unfamiliar building, do you have trouble finding braille signs
near the doors?
11. If you choose "Sometimes," please explain.
12. When entering an unfamiliar building, do you have trouble realizing landmarks
around you? Landmarks include but are not limited to reception desks, staircases,
elevators, and bathrooms.
13. If you choose "Sometimes," please explain.
14. When entering an unfamiliar building, do you have trouble orienting yourself in
the atrium area? Atrium means an open-roofed entrance hall or central court.
15. If you choose "Sometimes," please explain.
 Floor signs (like slippery floor signs, or cones)
 Acoustics (like echoes)
 Realizing landmark locations
 Slopes
 Steps
 Absence of landmarks to relate to
 Absence of walls to walk beside
 Other:  
 Number of floors
 Location of nearby staircases
 Location of nearby bathrooms
 Availability and location of ADA-compliant bathrooms
 Availability and location of a reception desk
 A general descriptive information about the building. Building information includes shape of the
building, number of hallways that go across the building, location of office space.




16. What are the challenges that you might face in the atrium area in unfamiliar
buildings? (Choose one or more answer).
17. When you enter an unfamiliar building, what type of information would you like
to know about the building? (Choose one or more answer).
18. When navigating the atrium area, do you need to know about upcoming
obstacles? Upcoming obstacles are obstacles in front of you. Obstacles include
movable objects like chairs and non-movable objects like the underside of a
staircase.







20. When navigating the atrium area, do you need to know about upcoming
landmarks? Upcoming landmarks means any landmark in front of you.
21. If you choose "Maybe," please explain.
22. When navigating the atrium area, do you need to know about landmarks around
you?
23. If you choose "Maybe," please explain
24. What would be a useful way to point out a landmark location to you? For
example, there is a bathroom to your right, and someone wants to explain that to
you. What should he/she say to you?
 Clock positioning system
 Angle (or degree) system
 Coordinate System (N, S, E, W)







I would like to use an assistive
orientation technology (AOT) that
can help me to orient myself in
the atrium area in unfamiliar
buildings.
I would like this AOT to guide me
to my destination.
I would like this AOT to alert me
about all types of obstacles.
I would like this AOT to alert me
about all obstacles that I cannot
detect with my cane.
I would like this AOT to notify me
about upcoming landmarks in my
way.
I would like this AOT to describe
landmark positions in the clock
positioning system.
I would like this AOT to notify me
about landmarks around me. For
example, when I’m walking
towards the stairs and there is an
elevator to my left, the system
would mention that to me.
I would like this AOT to run on my
Smartphone.
I am comfortable holding and
using my Smartphone functionally
when I’m navigating with my
cane.
The vibration would be a good
25. When someone points out a landmark around you, you would prefer the use of:
26. State whether you agree or disagree with each of the following statements.
Note that the system we discuss here is an assistive orientation technology, which
is abbreviated as AOT.
The vibration would be a good
way to alert me that I have
reached my destination.
The vibration would be an
appropriate medium to alert me
about upcoming obstacles in my
way.
Voice would be appropriate to
display information when I
request it. For example, number
of floors in a building.
Voice would be an appropriate
medium for alert.
Using headphones would be fine
by me. Headphones are small and
light sets similar to Bluetooth
headsets.
I prefer headphones that do not
interfere with my hearing ability.
For example, bone conduction
headphones.
When using headphones, I prefer
to be able to adjust the volume.
For voice feedback, I prefer
playing voice on speakers loudly.
If using speakers, I prefer to be
able to adjust the volume.
I would prefer the AOT to be a
hands-free device.
I would like to request information
from the AOT using gestures and
tabs.
I would like to request information
from the AOT using speech.
I would use the AOT if it were on
a wristband that I could wear on
my wrist.
I would NOT like the AOT to make
me look different than other
people.
Thank you for taking the time to participate in this survey. Please submit the survey if you are
satisfied with your responses.
27. We would like to interview some survey participants in the future as a follow-up
study; if you’re interested please provide us with your email address.
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A"#no#sys# 0.5385# 0.4167# 0.3333# 0.4295#
B"#sys# 0.9231# 0.7500# 1.0000# 0.8910#
c"#no#sys# 0.4615# 0.2500# 0.6667# 0.4594#





A"#sys# 0.7692# 0.5000# 0.3333# 0.5342#
B"#no#sys# 0.3077# 0.2500# 0.6667# 0.4081#
C"#sys# 0.9231# 0.5833# 0.6667# 0.7244#





A"#no#sys# 0.6154# 0.3333# 1.0000# 0.6496#
B"#sys# 0.9231# 0.7500# 1.0000# 0.8910#
C#"#sys# 0.8462# 0.6667# 0.0000# 0.5043#





A"#sys# 1.0000# 0.6667# 0.3333# 0.6667#
B"#no#sys# 0.3846# 0.3333# 1.0000# 0.5726#
C"#sys# 0.8462# 0.6667# 0.0000# 0.5043#





A"#no#sys# 0.3077# 0.0833# 0.3333# 0.2415#
B"#sys# 0.7692# 0.6667# 0.6667# 0.7009#
C"#no#sys# 0.4615# 0.1667# 0.6667# 0.4316#





A"#no#sys# 0.5385# 0.0833# 1.0000# 0.5406#
B"#sys# 1.0000# 0.6667# 0.3333# 0.6667#
C"#no#sys# 0.4615# 0.1667# 0.0000# 0.2094#





A"#sys# 1.0000# 0.4167# 1.0000# 0.8056#
B"#no#sys# 0.3846# 0.1667# 0.3333# 0.2949#
C"#sys# 0.8462# 0.6667# 0.6667# 0.7265#





A"#sys# 0.7692# 0.5833# 0.3333# 0.5620#
B"#no#sys# 0.3846# 0.2500# 0.0000# 0.2115#
C"#no#sys# 0.4167# 0.1667# 0.3333# 0.3056#





A"#no#sys# 0.5385# 0.2500# 0.0000# 0.2628#
B"#sys# 0.8462# 0.4167# 1.0000# 0.7543#
C"#sys# 0.8462# 0.5833# 0.3333# 0.5876#





A"#sys# 0.8462# 0.5000# 1.0000# 0.7821#
B"#no#sys# 0.3846# 0.3333# 0.6667# 0.4615#
C"#no#sys# 0.3077# 0.1667# 0.6667# 0.3803#
































































































A"#no#sys# 3# 6# 5# 7# 6# 6# 5# 4# 3# 1# 18# 8# 14# 24#
B"#sys# 2# 2# 4# 4# 5# 5# 4# 5# 5# 3# 23# 13# 8# 18#
c"#no#sys# 6# 7# 7# 7# 7# 7# 7# 5# 4# 1# 18# 10# 20# 28#





A"#sys# 1# 3# 1# 7# 2# 2# 2# 5# 4# 7# 24# 16# 5# 13#
B"#no#sys# 6# 6# 3# 7# 7# 5# 4# 4# 3# 6# 21# 13# 15# 23#
C"#sys# 1# 2# 1# 7# 1# 1# 1# 5# 4# 7# 22# 16# 4# 10#





A"#no#sys# 6# 5# 6# 6# 6# 6# 6# 3# 3# 3# 16# 9# 17# 24#
B"#sys# 1# 6# 5# 6# 2# 2# 2# 7# 7# 7# 21# 21# 12# 12#
C#"#sys# 1# 5# 3# 6# 4# 3# 2# 7# 7# 7# 27# 21# 9# 15#





A"#sys# 2# 2# 2# 6# 2# 2# 2# 6# 6# 6# 24# 18# 6# 12#
B"#no#sys# 2# 2# 2# 6# 6# 5# 2# 3# 2# 5# 23# 10# 6# 19#
C"#sys# 2# 4# 2# 7# 2# 5# 2# 6# 6# 6# 26# 18# 8# 16#





A"#no#sys# 3# 5# 4# 4# 6# 6# 4# 2# 3# 3# 16# 8# 12# 20#
B"#sys# 2# 3# 4# 5# 3# 4# 2# 6# 6# 2# 19# 14# 9# 14#
C"#no#sys# 6# 6# 5# 5# 7# 6# 3# 3# 4# 3# 14# 10# 17# 21#





A"#no#sys# 1# 3# 1# 7# 7# 1# 1# 1# 7# 7# 26# 15# 5# 16#
B"#sys# 1# 1# 1# 7# 3# 2# 1# 7# 7# 7# 31# 21# 3# 13#
C"#no#sys# 1# 1# 1# 7# 7# 7# 1# 7# 7# 7# 40# 21# 3# 22#





A"#sys# 1# 4# 6# 6# 3# 3# 3# 6# 6# 4# 20# 16# 11# 15#
B"#no#sys# 3# 5# 6# 5# 6# 6# 6# 2# 3# 1# 15# 6# 14# 23#
C"#sys# 1# 4# 4# 6# 4# 4# 3# 7# 7# 4# 26# 18# 9# 17#





A"#sys# 1# 1# 3# 7# 3# 1# 2# 7# 6# 6# 27# 19# 5# 13#
B"#no#sys# 4# 3# 3# 4# 6# 6# 6# 3# 4# 2# 21# 9# 10# 22#
C"#no#sys# 6# 5# 5# 7# 7# 6# 6# 4# 3# 3# 20# 10# 16# 26#





A"#no#sys# 4# 6# 6# 5# 7# 7# 6# 2# 3# 4# 18# 9# 16# 25#
B"#sys# 1# 1# 6# 7# 5# 6# 2# 7# 6# 5# 30# 18# 8# 20#
C"#sys# 3# 2# 5# 6# 3# 2# 2# 7# 7# 6# 23# 20# 10# 13#





A"#sys# 2# 5# 3# 6# 2# 2# 2# 6# 6# 2# 16# 14# 10# 12#
B"#no#sys# 1# 2# 2# 6# 6# 6# 6# 2# 2# 2# 25# 6# 5# 24#
C"#no#sys# 5# 3# 3# 6# 6# 6# 6# 4# 5# 3# 25# 12# 11# 24#
















A"#no#sys# 4# 5# 2#
B"#sys# 5# 6# 4#
c"#no#sys# 1# 2# 6#





A"#sys# 6# 4# 1#
B"#no#sys# 1# 2# 6#
C"#sys# 6# 5# 1#





A"#no#sys# 2# 3# 6#
B"#sys# 7# 7# 1#
C#"#sys# 7# 7# 2#





A"#sys# 5# 5# 3#
B"#no#sys# 3# 3# 6#
C"#sys# 6# 6# 1#





A"#no#sys# 3# 3# 4#
B"#sys# 6# 6# 2#
C"#no#sys# 4# 4# 7#





A"#no#sys# 4# 7# 1#
B"#sys# 7# 7# 1#
C"#no#sys# 5# 7# 1#





A"#sys# 7# 7# 4#
B"#no#sys# 1# 3# 7#
C"#sys# 7# 7# 2#





A"#sys# 6# 6# 4#
B"#no#sys# 3# 2# 6#
C"#no#sys# 2# 2# 6#





A"#no#sys# 4# 4# 7#
B"#sys# 7# 7# 3#
C"#sys# 7# 7# 1#





A"#sys# 6# 5# 2#
B"#no#sys# 2# 2# 5#
C"#no#sys# 4# 4# 5#





















A"#no#sys# 147.00# 2.04# 1546# 1.38# 0# 0#
B"#sys# 218.00# 1.04# 981# 1.93# 0# 0#
c"#no#sys# 333.00# 0.73# 3338# 0.67# 3# 1#





A"#sys# 147.00# 2.04# 1242# 1.72# 0# 0#
B"#no#sys# 222.00# 1.02# 1620# 1.17# 5# 2#
C"#sys# 73.00# 3.33# 1002# 2.22# 0# 0#





A"#no#sys# 314.00# 0.96# 1188# 1.80# 1# 3#
B"#sys# 112.00# 2.02# 1034# 1.83# 0# 0#
C#"#sys# 101.00# 2.41# 884# 2.51# 0# 0#





A"#sys# 97.00# 3.09# 993# 2.15# 0# 0#
B"#no#sys# 148.00# 1.53# 1312# 1.44# 4# 0#
C"#sys# 117.00# 2.08# 979# 2.27# 0# 0#





A"#no#sys# 318.00# 0.94# 1225# 1.74# 1# 2#
B"#sys# 118.00# 1.92# 1121# 1.69# 0# 0#
C"#no#sys# 246.00# 0.99# 1954# 1.14# 4# 1#





A"#no#sys# 300.00# 1.00# 3663# 0.58# 2# 2#
B"#sys# 117.00# 1.93# 962# 1.97# 0# 0#
C"#no#sys# 289.00# 0.84# 2670# 0.83# 2# 4#





A"#sys# 192.00# 1.56# 1324# 1.61# 0# 0#
B"#no#sys# 228.00# 0.99# 2066# 0.92# 1# 2#
C"#sys# 141.00# 1.73# 1049# 2.12# 0# 0#





A"#sys# 118.00# 2.54# 1037# 2.06# 0# 0#
B"#no#sys# 315.00# 0.72# 1750# 1.08# 4# 2#
C"#no#sys# 199.00# 1.22# 1428# 1.56# 1# 3#





A"#no#sys# 422.00# 0.71# 3054# 0.70# 2# 6#
B"#sys# 186.00# 1.22# 1081# 1.75# 0# 0#
C"#sys# 109.00# 2.23# 848# 2.62# 0# 0#





A"#sys# 160.00# 1.88# 1238# 1.72# 0# 0#
B"#no#sys# 218.00# 1.04# 2725# 0.70# 1# 3#
C"#no#sys# 150.00# 1.62# 1713# 1.30# 0# 0#















































This appendix provides a detailed analysis of the experimental work.
G.1 SA Di erence Analysis
This section discusses the hypotheses testing that relates to H2-1 and
H2-2. This section presents each hypothesis and its results along with some
discussion about the results.
H2-1-1 : Users of the OAT system have higher overall SAGAT scores as
opposed to participants who do not.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system (M =.682, SD =.098) had a higher total SA scores as
apposed to participants who did not (M =.391, SD =.064), Z =2.803
, p =.005. This shows that SAGAT method was sensitive to show SA
di erence between OAT users as opposed to others.
H2-1-2 : The perception of relevant environmental information (SAGAT level
1) of OAT system’s users is improved compared to participants who
288
did not use the system.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system (M =.858, SD =.065) had a higher SA1 scores as
apposed to participants who did not (M =.444, SD =.082), Z =2.807 ,
p =.005. Thus, the researcher rejected the null hypothesis. This suggests
that SAGAT probes for SA level 1 were appropriate to show di erence
between participants’ SA1 scores when using OAT as opposed to only
using their canes.
H2-1-3 : The comprehension of relevant environmental information (SAGAT
level 2) of OAT system’s users is improved compared to participants
who did not use the system.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon Signed-ranks test indicated that participants who
used OAT system (M =.604, SD =.102) had a higher SA2 scores as
apposed to participants who did not (M =.229, SD =.081), Z =2.810
, p =.005. Also, a two-tailed paired-samples t-test indicated that scores
were significantly higher for the OAT users as opposed to others, t(10)=
11.840, p < .001. This result suggests that SAGAT SA2 probes were
appropriate to show SA2 score di erences between participants who used
the OAT system as opposed to others.
H2-1-4 : The projection of relevant environmental information (SAGAT level
3) of OAT system’s users is improved compared to participants who
289
did not use the system.
Result: failed to reject the null hypothesis.
A 2-tailed Wilcoxon signed-ranks test did not show a significant dif-
ference on the SA3 scores between participants who used OAT system
(M =.583, SD =.225) as apposed to participants who did not (M =.500,
SD =.157), Z =1.194 , p =.233. The result suggests that the used SA3
probes were not sensitive to show di erences between participants who
use the OAT system as opposed to others.
H2-2-1 : SART total scores are higher for blind individuals who use the OAT
system as opposed to individuals who do not.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon signed-ranks test did not show a significant dif-
ference on the SART scores between participants who used OAT sys-
tem (M =25.10, SD =3.09) as apposed to participants who did not
(M =21.15, SD =5.44), Z =1.886 , p =.059. However, a two-tailed
paired-samples t-test indicated that SART scores were significantly higher
for the OAT users as opposed others, t(10)= 2.459, p = .036. Since the
researcher found that SART scores were normally distributed and de-
pending on the paired-samples t-test, the researcher rejected the null
hypothesis. This result suggests that SART questionnaire can show dif-
ferences between SART scores of blind OAT users as opposed to blind
cane-only users.
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H2-2-2 : SART-Understanding scores are higher for blind individuals who use
the OAT system as opposed to individuals who do not.
Result: reject the null hypothesis.
A 2-tailed Wilcoxon signed-ranks test indicated that participants who
used OAT system (M =17.45, SD =.2.67) had a higher SA2 scores as
apposed to participants who do not (M =9.75, SD =3.09), Z =2.807 ,
p =.005. This suggests that the sum of the SART understanding com-
ponent can show di erences between participants who used OAT system
as opposed to participants who did not.
G.2 Correlation Analysis
This section presents the correlation analysis. The correlation is re-
ported using the Spearman’s rho method when one or more correlation vari-
ables is not normally distributed. When both correlation variables are nor-
mally distributed, the correlation is reported using Spearman’s rho method
as well as Pearson-r method. The rest of this section will report correlation
results for each hypothesis.
G.2.1 Performance-SA Correlation
H3-1 : Path e ciency (baseline travel distance/ actual travel distance) cor-
relates positively with the user’s:
1. SAGAT level 1, 2 and 3
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2. SAGAT overall score for all SA levels
3. SART score
4. Understanding component of SART score
The Spearman’s rho revealed a statistically significant relationship be-
tween the path e ciency of blind participants and their situation aware-
ness levels: SA1, SA2, and total SA. Table G.1 illustrates the correlation
results between path e ciency and SA components. For SA1, the Spear-
man’s rho correlation coe cient was: (rs[40]= .712, p < .01). For SA2,
both Pearson r and Spearman’s rho methods revealed a statistical sig-
nificant correlation coe cient: (r(40)=.790, p <.01),(rs[40]= .790, p <
.01). Also the total SA was found to be highly statistically correlated
with path e ciency using the Pearson r and the Spearman’s rho cor-
relation methods: (r(40)=.613, p <.01),(rs[40] = .606, p < .001). On
the other hand, using Spearman’s rho correlation methods, SA3 had a
non significant weak correlation with the path e ciency (rs[40]=-.002,
p=.988). These results suggest that the path e ciency had a strong
relationship with the SA levels that were a ected by the OAT system.
SA3 was examine through elevator cues that were presented in the envi-
ronment, the researcher speculates that this might be the reason why it
had a weak relationship with the path e ciency.
SART scores were found to have a weak correlation with the path ef-
ficiency using the Spearman’s rho correlation coe cient (rs[40]=.371,
p <.05) and a non significant weak correlation coe cient using the Pear-
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son r (r(40)=.262, p=.103). Since the Pearson r correlation coe cient
was not statically significant, the researcher found no evidence to suggest
the correlation between the path e ciency and SART scores. Thus, the
researcher failed to reject the null hypothesis. For SART-U scores, the
researcher found a high correlation coe cient using the Spearman’s rho
method (rs[40]=.648, p <.01).
Table G.1: Path e ciency and SA correlations.
Path e ciency & Spearman’s rho Pearson r Decision
SA1 ***rs =.712 NA Reject the null hy-
pothesis
SA2 **rs =.790 **r =.790 Reject the null hy-
pothesis
SA3 rs =-.002, p =.988 NA Fail to reject the null
hypothesis
Total SA ***rs =.606 **r =.613 Reject the null hy-
pothesis
SART *rs =.371 r =.262 Fail to reject the null
hypothesis
SART-U **rs =.648 NA Reject the null hy-
pothesis
Significance levels: *p <.05, **p <.01, ***=p <.001
H3-2 : Time e ciency (baseline travel time/ actual travel time) correlates
positively with the user’s:
1. SAGAT level 1, 2 and 3
2. SAGAT overall score for all SA levels
3. SART score
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4. Understanding component of SART score
The Spearman’s rho revealed a statistically significant relationship be-
tween the time e ciency of blind participants and their SA levels: SA1,
SA2, total SA, SART, and SART-U. For SA1, the Spearman’s rho corre-
lation coe cient was: (rs[40]= .609, p < .001). For SA2, the Spearman’s
rho methods revealed a significant correlation coe cient: (r(40)=.627,
p <.001). Total SA was found to have a moderated correlation with
time e ciency using the Spearman’s rho correlation methods: (rs[40]
= .549, p < .001). On the other hand, using Spearman’s rho correla-
tion methods, SA3 had a non significant weak correlation with the time
e ciency (rs[40]=-.150, p=.357). These results suggest that the time
e ciency had a strong relationship with the SA levels that were a ected
by the OAT system. SA3 was examine through elevator cues that was
presented in the environment, the researcher speculates that this might
be the reason why it had a weak relationship with the time e ciency.
Table G.2 illustrates the correlations and their associated decisions.
SART scores were found to have a weak correlation with the time e -
ciency using the Spearman’s rho method (rs[40]=.346, p <.05). Also,
SART-U scores were found to be highly correlated with time e ciency
(rs[40]=.545, p <.01).
H3-3 : Number of errors (wrong turns) negatively correlates with the user’s:
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Table G.2: Time e ciency and SA correlations.
Time e ciency & Spearman’s rho Decision
SA1 **rs =.609 Reject the null hypothesis
SA2 **rs =.627 Reject the null hypothesis
SA3 rs =-.150, p =.357 Fail to reject the null hypothesis
Total SA **rs =.549 Reject the null hypothesis
SART *rs =.346 Reject the null hypothesis
SART-U **rs =.545 Reject the null hypothesis
Significance levels: *p <.05, **p <.001
1. SAGAT level 1, 2 and 3
2. SAGAT overall score for all SA levels
3. SART score
4. Understanding component of SART score
The Spearman’s rho revealed a statistically significant relationship be-
tween the number of errors of blind participants and their SA levels:
SA1, SA2, total SA, SART, and SART-U. Table G.3 overviews num-
ber of errors correlation with SA variables. For SA1, the Spearman’s
rho correlation coe cient was: (rs[40]=-.654, p < .01). For SA2, the
Spearman’s rho methods revealed a significant negative correlation co-
e cient: (r(40)=-.740, p <.01). Total SA was found to have a negative
high correlation with number of errors using the Spearman’s rho corre-
lation methods: (rs[40] = -.701, p < .01). On the other hand, using
Spearman’s rho correlation methods, SA3 had a non significant weak
correlation with the number of errors (rs[40]=-.227, p=.159). These re-
sults suggest that the number of errors had a strong negative correlation
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with the SA levels that were a ected by the OAT system. SA3 was ex-
amine through elevator cues that was presented in the environment, the
researcher speculates that this might be the reason why it had a non
significant correlation with the number of errors.
SART scores were found to have a weak correlation with the number of
errors using the Spearman’s rho method (rs[40]= -.331, p <.05). Also,
SART-U scores were found to be highly correlated with the number of
errors (rs[40]= -.640, p <.01).
Table G.3: Number of errors and SA correlations.
Errors & Spearman’s rho Decision
SA1 **rs =-.654 Reject the null hypothesis
SA2 **rs =-.740 Reject the null hypothesis
SA3 rs =-.227, p =.159 Fail to reject the null hypothesis
Total SA **rs =-.701 Reject the null hypothesis
SART *rs =-.331 Reject the null hypothesis
SART-U **rs =-.640 Reject the null hypothesis
Significance levels: *p <.05, **p <.01
H3-4 : Number of help requests negatively correlates with the user’s:
1. SAGAT level 1, 2 and 3
2. SAGAT overall score for all SA levels
3. SART score
4. Understanding component of SART score
The Spearman’s rho revealed a statistically significant relationship be-
tween the number of help requests of blind participants and their SA
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levels: SA1, SA2, total SA, SART, and SART-U. Table G.4 illustrates
the correlation results. For SA1, the Spearman’s rho correlation coe -
cient was: (rs[40]=-.750, p < .01). For SA2, the Spearman’s rho meth-
ods revealed a significant negative correlation coe cient: (r(40)=-.748,
p <.01). Total SA was found to have a negative high correlation with the
number of help requests using the Spearman’s rho correlation methods:
(rs[40] = -.664, p < .01). On the other hand, using Spearman’s rho cor-
relation methods, SA3 had a non significant correlation with the number
of help requests (rs[40]=-.086, p=.596). These results suggest that the
number of help requests had a strong negative correlation with SA levels
that were a ected by the OAT system. SA3 was examine through eleva-
tor cues that was presented in in each of the scenarios. The researcher
speculates that this might be the reason why it had a non significant
correlation with the number of help requests.
SART scores were found to have a weak correlation with the number of
help requests using (rs[40]= -.325, p <.05). Also, SART-U scores were
found to be highly correlated with number of help requests (rs[40]=
-.630, p <.01).
G.2.2 SA - User Satisfaction Correlation
H4-1 : The user’s satisfaction level positively correlates with his/her SA
level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
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Table G.4: Number of help requests and SA correlations.
Help requests & Spearman’s rho Decision
SA1 **rs =-.750 Reject the null hypothesis
SA2 **rs =-.748 Reject the null hypothesis
SA3 rs =-.086, p =.596 Fail to reject the null hypothesis
Total SA **rs =-.664 Reject the null hypothesis
SART *rs =-.325 Reject the null hypothesis
SART-U **rs =-.630 Reject the null hypothesis
Significance levels: *p <.05, **p <.01
tween participant’s satisfaction level and their SA levels: SA1, SA2,
total SA, SART, and SART-U. Table G.5 shows the correlation results
along with the decision for each. For SA1, the Spearman’s rho cor-
relation coe cient was: (rs[40]=.708, p < .01). For SA2, the Spear-
man’s rho methods revealed a significant positive correlation coe cient:
(r[40]=.596, p <.01). Total SA was found to have a positive strong cor-
relation with the satisfaction level using the Spearman’s rho correlation
method: (rs[40] = .607, p < .01). Also, the SART correlation coe cient
was at a moderated level (rs[40] = .510, p < .01), while it was signif-
icantly high for SART-U (rs[40] = .840, p < .01). On the other hand,
the Spearman’s rho correlation method did not revealed any significant
results for the correlation between the satisfaction level and SA3 (rs[40]
= .137, p= .400). The researcher speculates that the SA-satisfaction
results were due to the fact that the designed OAT did not contribute
to the understanding of the elevator cues.
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SA1 *rs =.708 Reject the null hypothesis
SA2 *rs =.596 Reject the null hypothesis
SA3 rs =.137, p =.400 Fail to reject the null hypothesis
Total SA *rs =.607 Reject the null hypothesis
SART *rs =.510 Reject the null hypothesis
SART-U *rs =.840 Reject the null hypothesis
Significance level: *p <.01
H4-2 : The user’s task confidence level positively correlates with his/her
SA level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
tween participant’s confidence level and their SA levels: SA1, SA2, total
SA, SART, and SART-U. Table G.6 illustrates the correlation results
along with the decision for each. For SA1, the Spearman’s rho cor-
relation coe cient was: (rs[40]=.776, p < .01). For SA2, the Spear-
man’s rho methods revealed a significant positive correlation coe cient:
(r[40]=.711, p <.01). Total SA was found to have a positive strong cor-
relation with the confidence level using the Spearman’s rho correlation
methods: (rs[40] = .665, p < .01). Also, the SART correlation coe cient
was at a moderated level (rs[40] = .466, p < .01), while it was signif-
icantly high for SART-U (rs[40] = .821, p < .01). On the other hand,
the Spearman’s rho correlation method did not revealed any significant
results for the correlation between the confidence level and SA3 (rs[40] =
.084, p= .608). The researcher speculates that the SA-confidence results
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were due to the fact that the designed OAT did not contributed to the
understanding of the elevator cues.




SA1 *rs =.776 Reject the null hypothesis
SA2 *rs =.711 Reject the null hypothesis
SA3 rs =.084, p =.608 Fail to reject the null hypothesis
Total SA *rs =.665 Reject the null hypothesis
SART *rs =.466 Reject the null hypothesis
SART-U *rs =.821 Reject the null hypothesis
Significance level: *p <.01
H4-3 : The user’s task stress level negatively correlates with his/her SA
level (SART and SAGAT)
The Spearman’s rho revealed a statistically significant relationship be-
tween participant’s stress level and their SA levels: SA1, SA2, total SA,
SART, and SART-U. Table G.7 illustrates the correlation results along
with the decision for each. For SA1, the Spearman’s rho correlation
coe cient was: (rs[40]=-.620, p < .01). For SA2, the Spearman’s rho
methods revealed a significant negative correlation coe cient: (r[40]=-
.556, p <.01). Total SA was found to have a negative moderated correla-
tion with the stress level using the Spearman’s rho correlation methods:
(rs[40] = -.471, p < .01). Also, the SART correlation coe cient was at a
moderated level (rs[40] = -.521, p < .01), while it was significantly high
for SART-U (rs[40] = -.763, p < .01). On the other hand, the Spear-
man’s rho correlation method did not revealed any significant results for
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the correlation between the stress level and SA3 (rs[40] = .010, p= .953).
The researcher speculates that the SA-stress results were due to the fact
that the designed OAT did not help the participants to understand the
elevator cues.




SA1 *rs =-.620 Reject the null hypothesis
SA2 *rs =-.556 Reject the null hypothesis
SA3 rs =.010, p =.953 Fail to reject the null hypothesis
Total SA *rs =-.471 Reject the null hypothesis
SART *rs =-.521 Reject the null hypothesis
SART-U *rs =-.763 Reject the null hypothesis




H.1 Sender Mode Source Code
#import ” ThirdViewContro l ler . h”
#import ” AppDelegate . h”
#import <QuartzCore/QuartzCore . h>
@interface ThirdViewContro l ler ( )
@property ( nonatomic , s t rong ) AppDelegate ú appDelegate ;
≠(void ) sendMyMessage ;
≠(void ) d idRece iveDataWithNot i f i cat ion : ( NSNot i f i ca t i on ú)
n o t i f i c a t i o n ;
@end
@implementation ThirdViewControl ler
@synthes ize btn1 ;
@synthes ize btn2 ;
@synthes ize btn3 ;
@synthes ize btn4 ;
@synthes ize btn5 ;
@synthes ize btn6 ;
@synthes ize btn7 ;
@synthes ize btn8 ;
@synthes ize btn9 ;
@synthes ize btnLM1 ;
@synthes ize btnLM2 ;
@synthes ize btnLM3 ;
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@synthes ize btnLM4 ;
@synthes ize btnPlay ;
@synthes ize txtLayoutA1 ;
@synthes ize txtLayoutA2 ;
@synthes ize txtLayoutB1 ;
@synthes ize txtLayoutB2 ;
// @synthes i ze MyTextView ;
@synthes ize mySlider ;
@synthes ize d i s tanceLab l e ;
NSString ú txtMessage = @”” ;
NSString úBtn meaning=@”” ;
int counter ;
@synthes ize tvChat ;
@synthes ize D i r e c t i o n S l i d e r ;
@synthes ize btn Clock12 ;
@synthes ize btn Clock3 ;
@synthes ize btn Clock6 ;
@synthes ize btn Clock9 ;
@synthes ize btn Clock1 ;
@synthes ize btn Clock2 ;
@synthes ize btn Clock4 ;
@synthes ize btn Clock5 ;
@synthes ize btn Clock7 ;
@synthes ize btn Clock8 ;
@synthes ize btn Clock10 ;
@synthes ize btn Clock11 ;
@synthes ize Di r ec t i onDi s tanceLab l e ;
@synthes ize btnStart ;
@synthes ize btnPause ;
@synthes ize btnReset ;
@synthes ize btnFirstFeedback ;
@synthes ize btnPlayNav ;
@synthes ize txtID ;
≠ ( IBAction ) Sl iderValueChanged : ( id ) sender {
s e l f . d i s tanceLab l e . t ex t = [ NSString stringWithFormat
:@”%d f e e t ” , ( int ) s e l f . mySl ider . va lue ] ;
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}
≠ ( IBAction ) Direct ionsButtonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects : btn1 ,
btn4 , btn5 , btn6 , btn7 , btn8 , btn9 , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {




≠ ( IBAction ) ClockBasedButtonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects :
btn Clock12 , btn Clock3 , btn Clock9 , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {





≠(IBAction ) buttonTapped : ( id ) sender {
NSArrayú buttons = [ NSArray arrayWithObjects :
btnFirstFeedback , btnPlay , btnPlayNav , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {




≠ ( IBAction ) RightLeftButtonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects : btn2 ,
btn3 , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {




≠ ( IBAction ) buttonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects :
txtLayoutA1 , txtLayoutA2 , txtLayoutB1 ,
txtLayoutB2 , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {








≠ ( IBAction ) LMbuttonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects : btnLM1 ,
btnLM2 , btnLM3 , btnLM4 , s e l f . btnLM5 , s e l f . btnLM6
, n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {




≠ ( IBAction ) LMAvailableBtn : ( id ) sender {
NSArrayú buttons = [ NSArray arrayWithObjects : s e l f .
btnLandmarkAvailable , s e l f .
btnLandmarkNotAvailable , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {





≠ ( IBAction ) Metr icsButtonPressed : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects :
btnStart , btnReset , btnPause , n i l ] ;
for ( UIButtonú button in buttons ) {
i f ( button == sender ) {
button . s e l e c t e d = YES;
}
else {




≠ ( IBAction ) P lay In i t i a lFeedback : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects :
txtLayoutA1 , txtLayoutA2 , txtLayoutB1 ,
txtLayoutB2 , n i l ] ;
txtMessage = @”” ;
for ( UIButtonú button in buttons )
{
i f ( button . s e l e c t e d == YES)
{
i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”A” ] ) {
txtMessage=@” This bu i l d i ng a square
shape bu i l d i ng that has 7
landmarks : an e l eva to r , a
r e c ep t i on desk , a bathrooms , an
o f f i c e , s t a i r s , and two dr ink ing
f ounta in s . ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”B
” ] ) {
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txtMessage=@” This bu i l d i ng a square
shape bu i l d i ng that has 7
landmarks : an e l eva to r , a
r e c ep t i on desk , a bathrooms , an
o f f i c e , s t a i r s , and two dr ink ing
f ounta in s . ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”C
” ] ) {
txtMessage=@” This bu i l d i ng a square
shape bu i l d i ng that has 7
landmarks : an e l eva to r , a
r e c ep t i on desk , a bathrooms , an
o f f i c e , s t a i r s , and two dr ink ing
f ounta in s . ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”D
” ] ) {
txtMessage=@” This bu i l d i ng a square
shape bu i l d i ng that has 7
landmarks : an e l eva to r , a
r e c ep t i on desk , a bathrooms , an
o f f i c e , s t a i r s , and two dr ink ing




[ s e l f sendMyMessage ] ;
i f ( [ txtID . t ext i sEqua l :@”” ] ) {





txtTemp=[txtTemp str ingByAppendingStr ing :
txtID . t ex t ] ;
txtMessage=txtTemp ;
NSLog( txtMessage ) ;
[ s e l f sendMyMessage ] ;
}
}
≠ ( IBAction ) PlayFeedback : ( id ) sender
{
NSArrayú buttons = [ NSArray arrayWithObjects : btn1 ,
btn2 , btn3 , btn4 , btn5 , btn6 , btn7 , btn8 , btn9 ,
btnLM1 , btnLM2 , btnLM3 , btnLM4 , n i l ] ;
txtMessage = @”” ;
for ( UIButtonú button in buttons )
{
i f ( button . s e l e c t e d == YES)
{
// proces s the but ton meanings
i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@” r i g h t ”
] )
{
txtMessage=@” turn r i g h t ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”
up” ] )
{
txtMessage=@”go forward f o r ” ;
txtMessage =[ txtMessage
str ingByAppendingStr ing :
d i s tanceLab l e . t ex t ] ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”
l e f t ” ] )
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{
txtMessage=@” turn l e f t ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”
around” ] )
{
txtMessage=@” turn around” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”
wrong” ] )
{
txtMessage=@”wrong d i r e c t i o n ” ;
}
else i f ( [ button . t i t l e L a b e l . t ex t i sEqua l :@”
r i g h t ” ] )
{
// check approaching i s i t r i g h t or l e f t
i f ( btn2 . s e l e c t e d==YES)
{
txtMessage=@” approaching landmark on
l e f t ” ;
}
else i f ( btn3 . s e l e c t e d==YES)
{
txtMessage=@” approaching landmark on
r i g h t ” ;
}
else {






[ s e l f sendMyMessage ] ;
}
≠ ( IBAction ) PlayLandmarkUpdate : ( id ) sender {
// t h i s method w i l l d i s p l a y landmark l o c a t i o n us ing
c lock ≠based
NSArrayú buttons = [ NSArray arrayWithObjects : btnLM1 ,
btnLM2 , btnLM3 , btnLM4 , s e l f . btnLM5 , s e l f . btnLM6
, n i l ] ;
txtMessage = @”” ;
for ( UIButtonú button in buttons )
{
i f ( button . s e l e c t e d == YES)
{
i f ( [ button . s e l f . t i t l e L a b e l . t ex t i sEqua l :@”
Fountain ” ] )
{
txtMessage=@”Water founta in ” ;
}
else {
txtMessage=button . t i t l e L a b e l . t ex t ;




i f ( s e l f . btnLandmarkAvailable . s e l e c t e d )
{
txtMessage =[ txtMessage str ingByAppendingStr ing :@
” i s a v a i l a b l e ” ] ;
}
else i f ( s e l f . btnLandmarkNotAvailable . s e l e c t e d )
{
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txtMessage =[ txtMessage str ingByAppendingStr ing :@”
i s not a v a i l a b l e ” ] ;
}
NSArrayú Direc t i onbut tons = [ NSArray
arrayWithObjects : btn Clock12 , btn Clock3 ,
btn Clock9 , n i l ] ;
for ( UIButtonú button in Direc t i onbut tons )
{
i f ( button . s e l e c t e d == YES)
{
txtMessage =[ txtMessage
str ingByAppendingStr ing :@” on ” ] ;
txtMessage =[ txtMessage
str ingByAppendingStr ing : button .
t i t l e L a b e l . t ex t ] ;
}
}
[ s e l f sendMyMessage ] ;
}
≠ ( IBAction ) ResetButton : ( id ) sender
{
txtMessage = @”RESET” ;
[ s e l f sendMyMessage ] ;
}
≠ ( IBAction ) StartButton : ( id ) sender
{
txtMessage = @”START” ;
[ s e l f sendMyMessage ] ;
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}
≠ ( IBAction ) StopButton : ( id ) sender
{
txtMessage = @”PAUSE” ;
[ s e l f sendMyMessage ] ;
}
≠ ( void ) viewDidLoad
{
[ super viewDidLoad ] ;
mySlider . maximumValue=18.0 ;
mySlider . minimumValue=1;
mySlider . va lue =1;
appDelegate = ( AppDelegate ú) [ [ UIAppl icat ion
sharedAppl i ca t ion ] d e l e ga t e ] ;
s e l f . txtID . de l e ga t e = s e l f ;
}
≠ (BOOL) textFie ldShouldReturn : ( UITextField ú) t e x t F i e l d {
[ t e x t F i e l d r e s i gnF i r s tResponder ] ;
return NO;
}
≠ ( void ) didReceiveMemoryWarning
{
[ super didReceiveMemoryWarning ] ;
// Dispose o f any re source s t ha t can be r ec r ea t ed .
}
#pragma mark ≠ UITextField Delegate method
implementation
#pragma mark ≠ IBAction method implementation
≠ ( IBAction ) sendMessage : ( id ) sender {
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[ s e l f sendMyMessage ] ;
}
#pragma mark ≠ Pr ivate method implementation
≠(void ) sendMyMessage{
NSData údataToSend = [ txtMessage dataUsingEncoding :
NSUTF8StringEncoding ] ;
NSArray ú a l l P e e r s = appDelegate . mcManager . s e s s i o n .
connectedPeers ;
NSError ú e r r o r ;
[ appDelegate . mcManager . s e s s i o n sendData : dataToSend
toPeers : a l l P e e r s
withMode :
MCSessionSendDataReliable
e r r o r :& e r r o r ] ;
i f ( e r r o r ) {
NSLog(@”%@” , [ e r r o r l o c a l i z e d D e s c r i p t i o n ] ) ;
}
[ tvChat setText : [ tvChat . t ex t str ingByAppendingStr ing
: [ NSString stringWithFormat :@” I wrote :\ n%@\n\n
” , txtMessage ] ] ] ;
txtMessage=@”” ;
}
≠(void ) d idRece iveDataWithNot i f i cat ion : ( NSNot i f i ca t i on ú)
n o t i f i c a t i o n {
MCPeerID úpeerID = [ [ n o t i f i c a t i o n u s e r I n f o ]
objectForKey :@” peerID ” ] ;
NSString úpeerDisplayName = peerID . displayName ;
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NSData ú rece ivedData = [ [ n o t i f i c a t i o n u s e r I n f o ]
objectForKey :@” data ” ] ;
NSString ú rece ivedText = [ [ NSString a l l o c ]
initWithData : rece ivedData encoding :
NSUTF8StringEncoding ] ;
[ tvChat performSelectorOnMainThread : @selector (
setText : ) withObject : [ tvChat . t ex t
str ingByAppendingStr ing : [ NSString
stringWithFormat :@”%@ wrote :\ n%@\n\n” ,




H.2 Receiver Mode Source Code
#import ” F i r s tV i ewCont ro l l e r . h”
#import ” AppDelegate . h”
#import <AVFoundation/AVFoundation . h>
#import <CoreMotion/CoreMotion . h>
#import <QuartzCore/QuartzCore . h>
@interface Fi r s tV i ewCont ro l l e r ( )
@property ( nonatomic , s t rong ) AppDelegate ú appDelegate ;
@property (weak , nonatomic ) IBOutlet UILabel ú
stepsCount ingLabel ;
@property ( nonatomic , s t rong ) CMStepCounter ú
cmStepCounter ;
@property ( nonatomic , s t rong ) NSOperationQueue ú
operationQueue ;
≠(void ) sendMyMessage ;
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≠(void ) d idRece iveDataWithNot i f i cat ion : ( NSNot i f i ca t i on ú)
n o t i f i c a t i o n ;
@end
@implementation Fi r s tV i ewCont ro l l e r
@synthes ize tvChat ;
@synthes ize btnRepeat ;
@synthes ize RepeatsDisplay ;
@synthes ize wrongDirectionCount ;
@synthes ize IDLabel ;






NSString ú Las t In s t ru c t i on=@”” ;
int CountWrongDirections ;
// sc reensho t
≠ ( void ) TakeScreenShot {
d i spatch sync ( d i spatch get main queue ( ) , ˆ{
// Define the dimensions o f the sc reensho t you want
to take ( the e n t i r e screen in t h i s case )
CGSize s i z e = [ [ UIScreen mainScreen ] bounds ] . s i z e ;
// Create the sc reensho t
UIGraphicsBeginImageContext ( s i z e ) ;
// Put e v e r y t h in g in the current view in to the
sc reensho t
[ [ s e l f . view l a y e r ] renderInContext :
UIGraphicsGetCurrentContext ( ) ] ;




UIGraphicsGetImageFromCurrentImageContext ( ) ;
UIGraphicsEndImageContext ( ) ;
// Save the sc reensho t to the dev i c e ’ s photo album
UIImageWriteToSavedPhotosAlbum ( newImage , se l f ,
@selector ( image :
didFinishSavingWithError
: con t ex t In f o : ) ,
n i l ) ;
}) ;
}
// c a l l b a c k f o r UIImageWriteToSavedPhotosAlbum
≠ ( void ) image : ( UIImage ú) image didFinishSavingWithError
: ( NSError ú) e r r o r con t ex t In f o : ( void ú) con t ex t In f o
{
i f ( e r r o r ) {




// The save was s u c c e s s f u l and a l l i s w e l l
}
}
// ≠≠≠≠≠≠≠≠≠≠≠≠≠≠ Timer code
≠(void ) TimerCount{
CountNumber = CountNumber +1 ;
TimerDisplay . t ex t = [ NSString stringWithFormat :@”%i ”
, CountNumber ] ;
}
≠(void ) S ta r t {
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d i spatch sync ( d i spatch get main queue ( ) , ˆ{
Timer= [ NSTimer scheduledTimerWithTimeInterval : 1 . 0
t a r g e t : s e l f





u s e r I n f o
: n i l





[ Timer i n v a l i d a t e ] ;
}
≠(void ) Restart {
CountNumber=0;





//NSLog(@”Commands counter i s invocted , Counter =%i
” , CountCommands) ;
d i spatch sync ( d i spatch get main queue ( ) , ˆ{
CommandsDisplay . t ex t = [ NSString




≠ ( void ) viewDidLoad
{
[ super viewDidLoad ] ;
// Do any a d d i t i o n a l se tup a f t e r l oad ing the
view , t y p i c a l l y from a nib .
appDelegate = ( AppDelegate ú) [ [ UIAppl icat ion
sharedAppl i ca t ion ] d e l e ga t e ] ;
txtMessage . d e l e ga t e = s e l f ;
[ [ NSNot i f i cat ionCenter de fau l tCente r ] addObserver :
s e l f
s e l e c t o r : @selector (





ob j e c t : n i l ] ;
// speech code
s e l f . s y n t h e s i z e r = [ [ AVSpeechSynthesizer a l l o c ] i n i t
] ;
s e l f . s y n t h e s i z e r . d e l e ga t e = s e l f ;
s e l f . n av i ga t i onCon t r o l l e r . navigationBarHidden = YES;
s e l f . tabBarContro l l e r . tabBar . hidden = YES;
}
/ú≠(vo id )HideMyBar{
// hide nav bar
s e l f . n a v i g a t i o n C o n t r o l l e r . navigat ionBarHidden = YES;




≠(IBAction ) repeatLast : ( id ) sender
{
//TTS
AVSpeechUtterance ú utte rance = [ [ AVSpeechUtterance
a l l o c ] i n i tWithSt r ing : La s t I n s t ru c t i on ] ;
u t t e rance . r a t e =0.25;
[ s e l f . s y n t h e s i z e r speakUtterance : u t t e rance ] ;
// update counter
CountRepeat= CountRepeat+1;
RepeatsDisplay . t ex t = [ NSString stringWithFormat :@”%
i ” , CountRepeat ] ;
}
≠ ( void ) didReceiveMemoryWarning
{
[ super didReceiveMemoryWarning ] ;
// Dispose o f any re source s t ha t can be r ec r ea t ed .
}
#pragma mark ≠ UITextField Delegate method
implementation
≠(BOOL) textFie ldShouldReturn : ( UITextField ú) t e x t F i e l d {
[ s e l f sendMyMessage ] ;
return YES;
}
#pragma mark ≠ IBAction method implementation
≠ ( IBAction ) sendMessage : ( id ) sender {
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[ s e l f sendMyMessage ] ;
}
≠ ( IBAction ) cancelMessage : ( id ) sender {
[ txtMessage r e s i gnF i r s tResponder ] ;
}
#pragma mark ≠ Pr ivate method implementation
≠(void ) sendMyMessage{
NSData údataToSend = [ txtMessage . t ex t
dataUsingEncoding : NSUTF8StringEncoding ] ;
NSArray ú a l l P e e r s = appDelegate . mcManager . s e s s i o n .
connectedPeers ;
NSError ú e r r o r ;
[ appDelegate . mcManager . s e s s i o n sendData : dataToSend
toPeers : a l l P e e r s
withMode :
MCSessionSendDataReliable
e r r o r :& e r r o r ] ;
i f ( e r r o r ) {
NSLog(@”%@” , [ e r r o r l o c a l i z e d D e s c r i p t i o n ] ) ;
}
[ tvChat setText : [ tvChat . t ex t str ingByAppendingStr ing
: [ NSString stringWithFormat :@” I wrote :\ n%@\n\n
” , txtMessage . t ex t ] ] ] ;
[ txtMessage setText :@”” ] ;
[ txtMessage r e s i gnF i r s tResponder ] ;
}
≠(void ) d idRece iveDataWithNot i f i cat ion : ( NSNot i f i ca t i on ú)
n o t i f i c a t i o n {
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MCPeerID úpeerID = [ [ n o t i f i c a t i o n u s e r I n f o ]
objectForKey :@” peerID ” ] ;
NSString úpeerDisplayName = @”” ; // peerID . displayName
;
NSData ú rece ivedData = [ [ n o t i f i c a t i o n u s e r I n f o ]
objectForKey :@” data ” ] ;
NSString ú rece ivedText = [ [ NSString a l l o c ]
initWithData : rece ivedData encoding :
NSUTF8StringEncoding ] ;
[ tvChat performSelectorOnMainThread : @selector (
setText : ) withObject : [ tvChat . t ex t
str ingByAppendingStr ing : [ NSString
stringWithFormat :@”%@ wrote :\ n%@\n\n” ,
peerDisplayName , rece ivedText ] ] waitUnti lDone :
NO] ;
// read the r e c e i v ed data
[ s e l f . tvChat r e s i gnF i r s tResponder ] ;
/ú i f ( speechPaused == NO) {
[ s e l f . p layPauseButton s e t T i t l e :@”Pause” f o r S t a t e
: UIControlStateNormal ] ;
[ s e l f . s y n t h e s i z e r cont inueSpeak ing ] ;
speechPaused = YES;
} e l s e {
[ s e l f . p layPauseButton s e t T i t l e :@” Play ” f o r S t a t e :
UIControlStateNormal ] ;
speechPaused = NO;





i f ( [ r ece ivedText i sEqualToStr ing :@”START” ] )
{
[ s e l f Star t ] ;
// s t a r t pedometer
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// [ s e l f S tar tCount ingSteps ] ;
ExperimentStops= ExperimentStops +1;
StopStepsUpdate=FALSE;
//NSLog(@” S ta r t r e c e i v ed ”) ;
}
else i f ( [ r ece ivedText i sEqualToStr ing :@”PAUSE” ] )
{




else i f ( [ r ece ivedText i sEqualToStr ing :@”RESET” ] )
{
[ s e l f Restart ] ;
[ s e l f TakeScreenShot ] ;
}
else i f ( [ r ece ivedText rangeOfStr ing :@”ID=” ] .
l o c a t i o n == ! NSNotFound) {
//NSLog ( [ r ece i vedTex t subs t r ingToIndex
: 3 ] ) ;
d i spatch sync ( d i spatch get main queue ( ) ,
ˆ{





AVSpeechUtterance ú utte rance = [ [
AVSpeechUtterance a l l o c ] i n i tWi thSt r ing :
myString ] ;
u t t e rance . r a t e =0.25;
[ s e l f . s y n t h e s i z e r speakUtterance : u t t e rance ] ;
La s t I n s t ru c t i on=myString ;
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// update counter
[ s e l f UpdateCommandCounter ] ;
i f ( [ r ece ivedText i sEqualToStr ing :@”wrong
d i r e c t i o n ” ] )
{
CountWrongDirections=CountWrongDirections +1;
d i spa tch sync ( d i spatch get main queue ( ) , ˆ{
wrongDirectionCount . t ex t =[NSString
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